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PREFACE TO THE SECOND EDITION 





The circumstances that led to the first publica- 
tion of this book as well as its general scope and 
character are explained fully by Dr. Ricketts in 
the preface to the first edition. The book met 
with such favorable reception that the edition was 
exhausted while the demand continued active. 
This indicated that an actual want had been met 
and so it was determined to publish a new edition, 
revised and enlarged, and for some time previous 
to his greatly lamented and untimely death Dr. 
Ricketts gave freely of his already heavily taxed 
energies and strength to the work of revision. 

Surely a simple word or two in tribute to the 
memory and achievements of Dr. Ricketts are not 
out of place at this point. He died in Mexico City, 
May 3, 1910, at the age of 39, from typhus fever 
which he was investigating with splendid success 
when he was taken ill, Thus a noble and inspiring 
career of large service to humanity and of rich 
promise came to a sudden and heroic end. During 
his short but intensely active life as an investi- 
gator in the field of infectious diseases Dr. Rick- 
etts made important contributions of permanent 
value to medical science: he greatly advanced our 
knowledge of blastomycosis; he solved the most 
important problems in the cause and transmission 
of Rocky Mountain spotted fever, and discovered 
that this disease is conveyed by a tick (Derma- 
centor venustus and D. modestus), in which the 


52842 


iv PREFACK 10 THE 8BCOND RDITION 


infection is hereditary, thereby enlarging our 
understanding of the part insects may take as 
carriers of disease; he demonstrated that. the 
typhus fever of the Mexican plateau, tabardillo, is 
carried by the body louse (Pediculus vestimenti), 
and the results of his work on this disease, which 
he had only just begun, will be of fundamental 
significance in its prevention and in all future 
investigation as to its cause and nature. In his 
death “on the firing line” we lost an investigator 
of the first rank whose name through these achieve- 
ments wil! live in the history of medical science, 

When the papers and manuscripts left by Dr. 
Ricketts came to be examined it was found that 
while the work of revieion and enlargement of this 
hook wax very far from complete yet he had ear- 
ried it eo far that it seemed unwise not to attempt 
to carry it through to completion. Fortunately 
Dr, George F. Dick was willing to take up the 
unfinished task, which proved to be a much larger 
one than was anticipated for the reason that, in 
addition to completing the revision and adding a 
considerable amount of new material, it was neces- 
sary also to xecure proper coordination and balance 
between the different parts of the book. 

The book ig now divided into an introduction 
and three parts instead of two as in the first edi- 
tion. Tho Introduction and Part I wero proparod 
by Dr. Ricketts and the chapters on “Sources of 
Pathogenic Micro-organiems” and on “Special 
Features of Infection” are new. Part IT contains 
new chapters on “Complement-Deviation,” “Opso- 
ning,” and “Anaphylaxis,” and Part IIT chaptore 
‘on “Rpidemie Poliomyelitis,” “Noma,” and “Kala- 
Azar,” all by Dr. Dick. The old chapters in Parte 
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II and III have been revised by Dr. Dick in the 
light of recent work and some of them largely or 
. wholly rewritten, notably those on “Syphilis” and 
“Spotted Fever.” As a result the size of the book 
has been increased nearly 200 pages. It has been 
the aim throughout to follow the lines laid down 
by Dr. Ricketts in order to secure an adequate 
presentation, suitable for physicians in general, 
of the large subjects of infection and immunity 
as illustrated by the human infectious diseases in 
the light of modern knowledge. The present 
intense and widely spread activity of investigation 
in these fields, with its many discoveries, is giving 
us new principles and methods of treatment, cura- 
tive as well as preventive, and of diagnosis, which 
require a thorough mastery by the physician in 
order that they may be used to the best advantage. 
It is my belief that this book by Dr. Ricketts as 
revised and enlarged by himself and Dr. Dick will 
be of real service to the physician who desires a 
reliable guide to a helpful understanding of the 
subjects with which it deals. May the use to 
which it is put show that the labor expended on 
it shall not have been in vain. 
Lopvia HEexTorn. 
Curcago, May 5, 1911. 


PREFACE TO THE FIRST EDITION 





Immunity, in its present state of development, 
with its manifold new terms and special methods 
of experimentation, is a subject which appears 
difficult to one who has not studied the newer 
literature assiduously and grown into a knowledge 
of the conditions through actual work in the lab- 
oratory. Much of the literature is technical in 
character and appears in journals not commonly 
found in the hands of the physician and student. 
Much of it also is comparatively recent, and its 
“essence” has not yet appeared in books which are 
in general use. The literature of immunity, more- 
over, grows so amazingly that the analysis even of 
current works is a task of no mean proportions. 

At the same time, the subject is one of great 
interest and importance, and there exists a gen- 
eral wish, frequently expressed, to know more 
about the recent advances and the conditions which 
have operated against the success of serum therapy 
on a broader scale. 

The editor of The Journal of the American 
Medical Association, appreciating the need which 
seemed to exist, requested me to prepare a series 
of articles on the subject of “Immunity,” which 
should present the general principles and the 
important theories and facts, in as simple a man- 
ner as possible. These articles appeared from week 
to week during 1905 in The Journal of the Amer- 
ican Medical Association, and after revision, and 
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with such additions as would contribute to the 
completeness of the work, they are now collected, 
in larger type, in the present volume and under a 
more suitable title, 

It waz thought beet to treat the subject broadly, 
to begin with the fundamental principles of infoc- 
tion and resistance and to introduce the reader to 
the more complex conceptions of the present time 
by taking him briefly over the main historical and 
developmental steps. 

It will be obvious that the views of Ehrlich, 
concerning the production of antibodies, the nature 
of the reactions into which the latter enter, and the 
methods by which bacteria produce disease, have 
been utilized extensively, This course demands no 
juetification, when it is appreciated that by no 
other means can one at the present time correlate 
a multitude of well-established facts which bear 
‘on the problems of immunity. Whatever m: 
the eventual fate of the side-chain theor 
certain phases of it carry the aspect of finality—we 
should appreciate as much as possible the extent to 
which it hag shaped modern thought, and recognize 
that it has won un imperishable place in the his- 
tory of biologic progress. 

Tt should also be understood that the utilization 
of the xide-chain theory in no sense earries with it 
a negation of the importance of phagocytosis, a 
fact which is plainly sot forth on pages 356-7. 
Without doubt the rdle of the phagocytes in recov- 
ery from a large group of infections is on a better 
and troer basis than it has ever been before, and 
for this condition the recent work on opsonins has 
heen most significant. 
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In relation to the grouping of the infectious 
diseases adopted in Part III, attention is called 
to the explanatory paragraph, page 398. 

It will be noted that a bibliography of the sub- 
ject of immunity has not been added, and this 
needs no explanation to one who is conscious of 
the massive proportions of the literature. A crit- 
ical analysis of the entire literature, which would 
not have been in harmony with the endeavor to 
present the topics briefly and clearly, and which 
would have made detailed references essential, has 
not been attempted. The most recent literature 
on the various subjects is accessible through the 
Index Medicus, or the index prepared semi- 
annually by The Journal of the American Medical 
Association. 

The index at the close of this volume serves as 
a glossary of terms, the explanations of which may 
be found on the pages referred to. 

H. T. Ricxerts. 

Cuicaco, February, 1906. 
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INTRODUCTION 





HISTORICAL AND DEVELOPMENTAL 


The conception of the nature of immunity ast 
which waz current at one period or another of fee” 


history had some relationship to the conception 
of the etiology of diseases at those times. It will 
be remembered that at one time diseases were 
supposed to be imposed by an angry deity, and to 
ayert them various mysticisms were resorted to, 
wuch as the utterance of incantations and the 
wearing of talismans, On the other hand, a more 
logical attempt to explain the natural immunity 
of the Psylli against snake poison was made by 
Pliny, who suggested that it might be due to their 
habit of drinking water from wells in which pois- 
onous snakes dwelt. This is not unlike our pres 
ent conception of active immunization. 

Von Behring quotes literature to show that 
among some primitive races of to-day, artificial 
immunization is carried on; a Mozambique tribe 
is said to inoculate against snake poison by rub- 
bing into a smal! cutaneous incision a paste which 
contains venom. Probably non-fatal quantities 
are introduced in this way, resulting in the forma- 
tion of venom antitoxin, a method comparable to 
fat used in the production of diphtheria anti- 
toxin. 

At a very early period the possibility of habitua 
tion to poisonous drugs was recognized. We learn 
that Mithridates by taking gradually increasing 
oses of poisons established in himself resistance 
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of this sort, It is stated also that he fed ducks 
with poisons and then proposed to use their blood 
ag an antidote (serum therapy). ‘The importance 
of antidotes in the minds of the ancients may be 
appreciated from the fact that epidemic diseases, 
such as plague, cholera and smallpox, were at one 
time considered as due to unknown poisons, which 
might be comparable in nature to some known 
poisons, as aconite. Mercury for syphilis, quinin 
for malaria, and salicylic acid for rheumatism 
would certainly have fallen into the category of 
antidotes, and merenry may have been so con- 
sidered. 

A historic illustration of the treatment of dis- 
ease on a supposed etiologic basis is found in a 
theory which was prevalent in the seventeenth 
century, according to which diseases were cither 
acid or basic in character, and hence should be 
treated, the one with an alkali, the other with an 
acid. Sylvius considered plague to be of acid 
nature and adminietered alkalies, while Etmiiller 
tock the opposite view. 

Manifestly, rational treatment and prophylaxis 
of the infectious diseases could not be undertaken 
until their etiology was correctly understood. Yet 
here, as so often happens in medicine, empiricism 
preceded rationalism. For example, protective 
inoculation did not become a principle until tke 
time of Pasteur, yet it had been practiced against 
smallpox for centuries, and the method put on 
its present basis by Jenner long before there was 
any idea as to the principles involved in the pro 
tection. 

The belief that invisible “animalcules” are able 
to cause morbid processes in man is a very old 
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one. A passage from Varro (116-27 B, C,) reads 
ng follows: “There are swampy places in which 
grow animals never so small which may not be 
Tecognized by the eye, and which gain access to the 
body through the air and bring about severe 
diseases.” 

‘The discovery and use of the compound micro- 
scope in the seventeenth century disclosed the 
reality of the minute living forms which had been 

so often. Kircher, with his first crude 
microscope (1646), examined the tissues of va- 
rious diseases, and was the author of many the 
ories as to their etiology. It is now believed that 
the magnification of Kircher’s microscope was 0 
#mall that many of the “worms” which he saw 
‘were really larger fungous cells and in some in- 
stances the as yet unidentified blood and pus cells. 

Leeuwenhoek (1652-1723), a Dutch naturalist, 
with his compound microscope magnifying 1,000 

, observed accurately many microscopic 
forms, but mado no application of his discoveries 
to medical problems; nevertheless, such applica- 
tion was not wanting, and the succeeding century 
and a half saw such voluminons descriptions of 
microbes, so many contradictory theories and 
efatoments concerning their relationship to in- 
feotions, that the “infinitesimally small” fell into 
@isfavor in many quarters ax the causes of diseases. 
‘The attractions and reasonableness of the theory, 
however, were such that it continued to gain ex- 
ponents, and in the early part of the nineteenth 
century reached a degree of definiteness. In 1855, 
the great French physician, Brétonncan, affirmed 
‘that a specific germ was the cause of every con- 
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tagious disease: “An epidemic disease can orig- 
inate and extend only through the agency of the 

germ producing it.” Yet at this time no infec- 
= fon bea been initely proved to be of micrabie 


gary 1850 Rayer and Devaine made an observa- 
tion, which might have fallen into the oblivion of 
many preceding ones had it not been confirmed by 
later investigators. They found “small filiform 
bodies” in the blood of sheep which had died of 
anthrax, and were naturally inclined to believe 
that these forms caused the disease. Other scien- 
tists, especially Pasteur and Koch, soon took up 
the study of anthrax, with the result that the 
small rods of Devaine were scientifically proved to 
be its cause. 

‘Two great minds dominated medical research 
at this time—Pasteur and Koch. Pasteur, in hie 
early career as x chemist, had had his attention 
called to the processes of fermentation. He re- 
curred to this subject at a time when the theory 
of the spontaneous generation of small living 
forms was widely discussed, and in 1857-1861 
proved beyond any possibility of doubt that lactic 
acid, alcoholic and butyric acid fermentations are 
due to the action of minute living cells; and, fur- 
thermore, that each particular kind of fermenta- 
tion has its own peculiar microbe as the enuse. 
Thia was an example of what we term to-day mi- 
erobic specificity, in marked contrast to views 
which were then provalent regarding the variabil 
ity of micro-organisme* Pasteur then applied 
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what he had learned about fermentations to the 
atudy of the diseaces of wines and beors. He found 
their causes, and devised a preventive measure, 
which consisted merely in the destruction of the 
eared the wine to a suitable tempera- 
ture before it was stored. At the instance of the 
French government, be then studied certain dis- 
eases of silkworms. His success in discovering 
their eauses and prevention must always remain for 
tas one of the landmarks of the world’s progress. 
Tt was during the latter investigations that he 
took up the etudy of anthrax. The specific mi- 
erobe having been discovered, and the methods of 
transmission of the malady having been made 
clear through investigations by both Pasteur and 
Koch, Pasteur turned his attention to methods 
eae enntea tt porible, of cure. 
the question of stnallpox vac- 
ory He came to believe that vaccinia is 
‘smallpox, the virus of which has been attenuated 
by its passage through the cow, and that conse- 
quently when man undergoes vaccination he there- 
is inoculated with a benign form of the disease 
it not this be an example of a law which would 
be general in its application? The protective inoc- 
ulation (active immunization) against the pleuro- 
pocumonia of cattle which had long been prac- 
ticed gave encourngement to this hope. Some 
work by Toussaint was important in the answer 
‘to thia question. It was evident that a weakening 
‘or attenuation of the bacteria or virus must first 
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be obtained before it could be sufely injected into 
animals for the purpose of producing immunity, 
for if the unaltered virus were injected the viru- 
lent infection would result. Accordingly, Tous- 
saint heated the blood of a sheep which had died 
of anthrax, to a temperature of 55° ©. for ten 
minutes, then injected it into a number of sheep. 
Some of the animals died of anthrax, while others 
suffered only a mild attack from which they re- 
covered; the latter were found to be immune to 
a subsequent inoculation with virulent blood. In- 
asmuch, however, as some of Toussaint’s animals 
had died of anthrax, Pasteur concluded that there 
was some grave error in technic. He considered 
that Toussaint’s method probably killed or atten- 
uated the fully-developed bacilli, but did not in- 
jure the spores of the parasite (Koch had pre- 
viously shown the existence of anthrax spores). 
After much experimentation, Pasteur hit on the 
plan of growing the bacillus at a temperature of 
42° C., obtaining in this way a oulture of tho 
fully developed organism which had a low viru- 
lence, but which did not form the dangerous 
spores. When sheep were inoculated with the 
proper amount of this culture, which became 
known os anthrax vaccine, they had a mild attack 
of the disease, which rendered them immune to 
yirulent inoculations. 

With the possibility of protective inoculation 
with a known virus actually demonstrated. sim- 
ilar procedures were tried with other animal dis- 
eases of known bacterial etiology, with the result 
that successful vaccines against chicken cholera 
and swine plague were developed. Somewhat 
Tater, having failed in their attempts to discover 
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the microbes of plague and cholera, Pasteur and 
his co-workers turned to the study of hydropho- 
bia, All efforts to cultivate the virus from the 
spinal cord of rabid dogs failed, although inocula- 
tion experiments proved its presence in this strue- 
ture, The unique idea then occurred to consider 
the infected spinal cord as a fully developed cul- 
ture of the virue, It remained to subject auch a 
culture to the proper attenuating conditions for 
the purpose of weakening or actually destroying its 
virulence in order to make it fit for protective in- 
jections. This was accomplished by drying the 
cords in a closed vessel overr a hygroscopic eub- 
stance (solid potassium hydroxid), the final viru- 
lence of the cord depending on the length of time 
it had beon eubjected to the drying process. The 
technic of the protective injections, the success of 
which is household knowledge, will be a subject for 
later consideration. 

Of primary importance, during this period, was 


the work of Koch on the specific bacteria of tu- [=P 


hereulosis, cholera, typhoid and the pyogenic dis- 
eases; and not least his improved methods of ob- 
taining pure cultures through the use of solid 
media (gelatin) on plates. Through his work and 
that of Pasteur two great principles had been 
ret in motion; the microbic specificity of infectious 
diseases, and protective inoeulation in its general- 
ized form, through the use of attenuated virus. 
The scientific mind turned at once to the in- 
quiry, What changes in an animal body are re- 
sponsible for the immunity which is acquired as 
the result of protective inoculations? Also, upon 
What properties of the tissues or body fluids does 
fhe natural immunity of an animal depend, and 
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does the susceptibility of ane species depend on 
the absence of those properties which characterize 
the natural immunity of another species? Pas- 
teur had observed that if he grew the microbe of 
chicken cholera in a liquid medium for some time, 
then removed the bacteria by filtration, the fluid 
became unfit for the further growth of the organ- 
ism on subsequent reinoculation. That is, the 
nutrient material had been used up; and he sug- 
gested that this is the case in the body of an ani- 
mal. Having undergone the infection, suitable 
nutrient material for the microbe is used up, and 
recovery ensues. The prolonged absence of the 
proper nutritious substances would account for 
the more or less permanent nature of the acquired 
immunity. This conception, the exhaustion 
theory, at one time shared by Koch and Kleba, is 
still represented in an altered form by Baurmgar- 
ten, who speaks of an unfavorable culture medium 
as representing the condition of the immune body, 
which, of course, is broadly true. 

Chauvenu was the author of another historic 
y. theory of acquired immunity (the noxious reten- 
tion theory), which maintained that during the 
course of a disease the bacteria produce substances 
in the presence of which they can not develop 
further; consequently recovery takes place, and 
the continued presence of these noxious substances 
renders another attack of the disease impossib! 
Although it is true that bacteria do not grow well 
in their own metabolic products, theories of im- 
munity on this and similar bases are not in ac- 
cord with the fact that immunity may be of great 
duration, and that it may be conferred by the 
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Injection of the killed bacteria, or, in some cases, 
of their non-living soluble products. 

Meichnikoff may be credited with having first angoer- 
offered a plausible explanation of natural resist- ‘°"" 
ance, founded on observation, As a zoologist he 
bad studied the subject of intracellular digestion 
in the lower animals, and it was while working on 
this problem that he observed the fate of a yeast 
fungus (Monospora), which caused epidemics 
among the daphnio, small, transparent animals 
with which he was working. Near the alimentary 
tract, which was the infection atrium, some large 
mesoblastic cells, which are perhaps analogous to 
the white blood celle, were eeen to ingest the para- 
sites and dissolve them. If this took placa to « 
sufficient extent the animals recovered; if, how- 
ever, the infecting organisms were too numcrous 
or the reaction on the part of the animal insuffl- 
cient, the body became overwhelmed with para- 
sites and death resulted. Since that time Metch- 
nikoff has evolved his well-known theory of pha- 
focytosis as the casential factor in both natural 
and acquired immunity, a theory which Pasteur, 
fn his later years, looked on with favor. We may 
‘speak of this as the cellular theory of immunity ; 
a theory which hae had to undergo important 
modications in order to bring it into accord with 
new facts. 

Considering that natural or acquired immunity 
must exist because of certain qualities of the body 
cells, or of the body fluids, or possibly of both. 
investigators began to mako analyses of the tis- 
sues; and of all the analyses, that which we may 
term the biologic has been the most fruitful. In 
this case biologic analysis means the detection of 
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reactions which may oceur when bacteria or their 
products are placed in contact with tissue cells 
or fluids, either in the living animal or in test- 
glass experiments. The chief of these are the de- 
termination of the ability of the ecrem of an ani- 
mal to kill bacterin or to neutralize bacterial 
toxins. These important investigations were in- 
augurated by the findings of Fodor, Nuttall, Nie 
sen, v, Behring and Buchner, which showed 
thot frosh defibrinated blood, and the blood 
serum of various animals, are able to kill bac~ 
teria in the reagent glass, In contrast to the 
action of ordinary antiseptice, thia power ie 
often selective, killing one variety of bacterium 
and leaving another unharmed. ‘This was of enor- 
mous importance, as it seemed to identify the 
factor on which natural antibacterial immunity 
depends. Then followed the discovery of Nissen 
and y. Behring (Vidrio metehnikovi), and of 
Bouchard (B. pyocyaneus), that if an animal is 
systematically injocted, i. ©., immunized, with a 
micro-organism, the power of its serum to kill 
the bacterium used in the immunization is greatly 
increased ; from which it would seem that acquired 
immunity depends on the increase of powers which 
are normally preeent to a certain degree. These 
observations have to do with the bactericidal power 
of serum, 

Further progress was made through the discor- 
cries that the tetanus bacillus (Brieger and Friin- 
kel) and the diphtheria bacillus (Roux and Yer- 
sin) secrete each 8 powerful, specific, eoluble toxin, 
which may be separated from the bacteria by Ail- 
tration. Immunization with these bacterium-free 
toxins was undertaken (Behring and Kitasato, 
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1890) with the familiar result of the production 
of the specific antitoxing, Other investigations in 
this direction soon showed the independence of 
the antibacterial and the antitoxic properties of 


eerums. 

With these facts in hand, the vigor with which 
investigations have been pushed may be readily 
imagined. The hope naturally prevailed that phy- 
sicians might become the masters of all infectious 
divenees, through the possession of specific anti- 
bacterin! and antitoxic sxerums. But failures, with 
which we are only too familiar, met the attempts 
to produce adoquate antiserum for many diseases, 
Nevertheless there failures, through stimulation 
to closor study, have rosulted in the accumulation 
of much additional knowledge concerning the 
pathogenic properties of different bacteria, the 
nature of the immune serums and the various pro- 
tective factors of the body. Ehrlich has evolved 
a new theory of immunity from facts which were 
discovered in his Inboratory, the “side-chain” 
theory, which it is the purpose to utilize in the 
interpretation of many reactions which will come 
up for consideration. 

Wright in England, Neufeld in Germany, and 
Hektoon in America more recently have led in a 
revival of interest im phagocytosis ax m factor in 
natural and acquired immunity, with the result 
that there can no longer exist any doubt that pha- 
gocytosis plays an important role in protection 
@gainst and in recovery from many infections. 
Thue tho opsonins of Wright, and the bacterio- 
tropic substances of Neufeld, have served to bridge 
any chasm—never a real chasm—which seemed to 
exist between the so-called humoral and cellular 
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theories of immunity. The study of opsonins has 
also served to renew interest in a much-neglected 
field of specific prevention, namely, bacterial 
cination, one of the most gratifying reeults of 
which has been a return to the tuberculin therapy 
of Koch. 

However, with all our resourcefulness, it is pos 
sible that our limitations may soon be reached: re- 
garding the eerum and vaccinal therapy of many 
infections, and we shal! be forced to try other prin- 
ciples of prevention and cure, In connection with 
this point, the newor chemotherapy, which has 
been developed in so brilliant a manner’ by Bhr- 
lich and others in relation to trypanosomiasia, is 
of the highest interest. It may be hoped that this 
work represents only the beginning of a new direc 
tion of research, which will be of ultimate value in 
various bacterial as well as protozoan infections 
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PRINCIPLES OF INFECTION, 
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PARASITISM, INFECTIOUSNESS, CONTAGIOUENESS. 


Parasitism is the condition in which 9 plant, or 
an anima! being, lives on or within another living 
organism. A true parasite always derives its sua- 
tenance from the tissues of its host. 

An infectious disease is one which is caused by 
fiving organisms which in some way have entered 
the hody, where they multiply and liberate poison- 
ous substances. Accordingly the word has refer- 
ence to the nature of the eanse of the disease, It 
is from the Latin inficere, meaning to place in or 
into. 

Some parasites may live on a host without 
causing appreciable damage; they are non-patho- 
genic parasites, In this case they may derive 
their nutrition from some of the excreted non-liv- 
ing products of the host, living as pure sapro- 
phytes* or the amount of nutritious substance 
which they obtain from the host may be so little 
that the health of the latter is not impaired. This 
is trne of organiams which normally inhabit the 
intestinal tract. 

Webich tives on” Goud organic matter, ‘ho seeeuism which’ 
=a become pathogenic under the 
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‘There is another large class of parasites, how- 
ever, which under proper conditions causo severe 
diseases in the host. Many pathogenie microbes live 
in and on the skin and mucous membranes with- 
out doing harm, but if certain ones reach tho 
deeper tissues, they may institute pathologic proc~ 
esse (¢. g., staphylococci, atreptococei, pneumocoe- 
ci, diphtheria bacilli and meningocoeei). Any or- 
gonism which is able to cause pathologic tissue 
changes, to disturb functions, and to set up ab- 
normal symptoms is classed as a pathogenic para- 
site, ‘The abnormal processee which they institute 
are our infections diseases. 

Where certain comparatively large organiems 
(macroparasites) exist on a body surface, as the 
skin or intestinal tract, the surface is suid to he 
infested; the skin, for example, is infested with 
pediculi, One may also say that the intestinal 
tract is infested with tapeworms, but here the dis- 
tinction between infestation and infection is not to 
be drawn so sharply; surely when the larva: pe 
trate the intestinal wall and reach the circulation 
or distant organs we must speals of infection. But 
even the adult tenia as it exists in the intestines 
may cause erosions of the mucous membrane or 
may perhaps burrow a slight distance into the 
wall, a condition which approximates the action of 
the larve in passing through the wall; accordingly 
at some pet the distinction between infestation 
and infection becomes an arbitrary one, 

The Known pathogenic micro-organisme are 
grouped among the fungi, the bacteria and the pro- 
tozoa. Both the bacteria and fungi are vegetable 
in nature, complexity in form and methods of 
growth characterizing the latter, whereas the life 
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history of the former is simpler, and they multi- 
ply only by fission (fission fungi). Forma oceur 
which appear to be intermediate between the true 
fangi and the true bacteria. The protozoa, the 
lowost forms of animal lifo, vary greatly in form 
and in the complexity of their life cycles. The 
highest protozoa lead an intricate existence in 
which sexuality and alternation of hosts are some- 
times conspicuous features, as in the case of the 
parasites of malarial fevers, and possibly in that of 
yellow fever. In some instances the alternation 
of hosts is purely a facultative property, and not a 
necessity for the perpetuation of the species, al- 
thongh it is part of the natural cycle: this is the 
case with some of the trypanosomes, which can be 
transferred from animal to animal artificially for 
an indefinite period. 

‘There are certain infections, the causes of which 
‘are not known, and in some instances the organ- 
isms are considered as ultramicroscopic because 
they paze through bacteriologic filters. Theoretic 
ally they may be either bacteria or protozoa. 

The known pathogenic micro-organisms may 
also be placed in one of the following three groups: 
1. Obligate parasites, which are capable of growth 
only in a living organism (the bacillus of leprosy 
and the organisms of malaria). 2. Facultative 
saprophytes, which usually exist as parasites but 
may multiply on inanimate material under proper 
conditions. This group includes most of the path- 
Ogenic microparasites. 3%. Facultative parasites, 
which are saprophytic organisms living readily on 
inanimate material, but which may produce dis- 
ente when they reach suitable tissues in a host 
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(Bacillus teani, bacillus of malignant edema, 
Amada dysenterie). 

It is futile to speculate on the ultimate origin of 
our various micro-organisms, It is sufficient to 
“ appreciate that the principles of biology and evola- 

tion are broad enough to permit us to assume that 
some of the species which we now recognize may 
have arisen through the influences of environment 
and selection from other more or less closely ro 
lated species. However, investigations have shown 
that the essential characters of bacterial epecies are 
fixed more or less firmly, suggesting that new spe- 
cies are likely to be developed only through a long 
course of time, or, if more quickly, through rare 
chance variations. Koch has suggested that among 
the trypanosomes found in different discases some 
may still be too young in their differentiation to 
ropresent fixed species, although this cannot apply 
to the whole group of trypanosomes. 

Many micro-organisms do, indeed, show a great 
deal of flexibility in their physiology and yiru- 
fence, with the result that they may approximate 
species which are usually recognized as being dis- 
tinct, Thus a strain of the diphtheria bacillus 
which loses ite virulence ie similar to a pseudo- 
diphtheria bacillus, and the cholera vibrio which 
has become avirulent resembles a number of other 
vibrios, Tho plaguo bacillus, whorens it commonly 
causes acute death in rats, may undergo such a 
change in the character of its virulence that it 
causes a chronic nodular inflammation. Some 
strains of the tetanus bacillus, which is habitually 
anaerobic, acquire the power of growing in the 
presence of atmospheric oxygen. By suitable 
passage a species-of the tubercle bacillus may be 
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made to resemble ¥ery closely in ite cultural ae 
pects another species of this organism. On the 
whole, these are not large variations, and identifi- 
cation can be accomplished by one or more of the 
biologic reactions, such as the agglutination, bac- 
teriolytic or opsonic tests. 

Tn some instances the conditions are such that 
different species appear to represent only differ- 
ent grades or types of virulence of the samo or- 
ganism. Those acid-fast bacilli which resemble 
the bacillus of tuberculosis form the moet striking 
example of this. Bacilli of this character are com- 
monly found in various grasses or clover, which 
are used as food by cattle. Such organisms have 
4 low grade of virulence, and when injected into 
animals cause the formation of only » nodule of 
granulation tissue, sometimes with the presence 
of giant cells, and the process heals readily. It is 
possible that certain of these organisms of more 
than usual virulence, or which may have acquired 
mich virulence by residence in the alimentary tract 
of the ox, have retained their new pathogenic 
power as a permanent character, and that bovine 
tuberculosis originated in this way. It would be 
none the less logical to assume that the bacillus 
of human tuberculosis was derived from the bo- 
vine type in a similar manner. This can only be 
# enbjoct for speculation, however, 

Bacteriologists frequently are able to place a 
number of species in a “group,” the members of 
Which resemble each other more or less closely, as 
the colon group, or the dysentery group. The 
members of a group may vary widely in their 

je power, whereas in other instances they 
produce similar diseases. Thus, Novy has shown 
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that, although the spirilla which cause the various 
relapsing fevers are very similar, they can be dif- 
ferentiated by means of immunity reactions, such 
as the agglutinating or protective powers of im- 
mune Serums, 

A more detailed diecussion of thie aspect of 
general bacteriology would earry us too far afield. 

Confusion sometimes arises concerning the sig- 
nificance of the words infectious and contagious 
and other words having similar roots. This con- 
fusion is due in large part to the fact that they 
have grown into a usage varying somewhat from 
that which originally adhered to them, and the 
dictionaries, even those which are medieal in char- 
acter, have hardly kept pace with the transition. 

‘The significance of infectious is indicated in the 
definition of an infectious disease as given above. 
The word contagious, on the other hand, relutes 
to a method by which some of the infectious dis- 
eases are transmitted from an infected person or 
animal to the healthy, namely, contact, direct or 
indirect. Not all infections are transmitted by 
contact, however, hence we may divide them into 
those which are contagious and those which are 
not. Communicable is often used as synonymous 
with contagious. 

Contagiousness is all the more striking in the 
case of acute infections which develop rapidly and 
soon after exposure. On the other hand, it is not 
80 striking in a disease such as pulmonary tuber- 
culosis, which develops slowly and perhaps only 
after repeated exposures. 

‘The following rather general arrangement of 
the infectious diseases into groups according to 
the methods, and at the same time facility, of 
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transmission is given in order to illustrate the 
idea and limits of contagiousness. 

1. Those which are characterized by ready trans- 
mission through the air. The micro-organisms are 
discharged into the air from the respiratory 
passages, or from the skin in desquamative infec- 
tions, and it is only neceecary for a susceptible 
person to come within the zone of infected air 
which surrounds the patient in order to acquire 
the disoaso, Actual contact with the patient may 
facilitate transmissiva in some instances, but is 
not necessary, and many of them are transmitted 
by indirect contact, i.e, through the agency of 
intermediate persons, through food contamination 
(searlet fever in milk), or through inanimate eub- 
stances whicli have been in contact with the pa- 
tient. ‘These are all highly contagious “air-borne” 
diseases, which probably use the respiratory pas- 
sages as their infection atrium. Diphtheria, sear- 
let fever, meals, rétheln, smallpox, influenza, tu- 
berculosis, and plague in playue pneumonia are of 
this type. 


8, Transmission occurs almost exclusively by ze 


personal contact, and usually a special form of 
contact, never through the air: gonorrhea, eyph- 
iis, soft chanere, and perhape dourine in horses 
Syphilis occasionally is transmitted by indirect 
contact, the free period being a short one. These 
are contagious diseases. 

8. Transmission is chiefly by indirect contact, 
or through food or water. Direct contact plays « 
élo in some instances, and raroly the air may be 
A means of conveyance. The members of this 
group are not highly contagious in the sense of 
transmission directly from one individual to anoth. 
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er. The micro-organisms are excreted by 
the feces, and typhoid and paratyphoid by the 
urine. Asa rule they are acquired indirectly, as 
through water supply or milk which have been 
infected from discharges, contamination of the 
hands from the excreta to food, Examples are ty- 
phoid, paratyphoid, cholera and dysentery. 

4, Tranemission by means of insects. Some of 
these diseases, as malaria, yellow fever, and 
Mountain spotted fever, are not contagious at all, 
but are nevertheless communicable through the 
medinm of the proper insect, mosquitoes or ticks. 
South African tick fever, ordinary relapsing fever, 
plague in some instances, trypanosomiasis, and 
probably typhus are other examples. ‘The steps 
in transmission are cometimes very complex, and 
vary a great deal, a8 will be pointed ont later. 

5, Transmission from man to man does not 
take place at all under ordinary conditions: tet- 
anus, hydrophobia, and other wound infections. 

It ig thus seen that these five divisions consti- 
tute a series in which contagiousness finally disap- 
pears, ‘The subject of transmission will receive 
further consideration later. 

Tt has been stated above that infectious diseases 
are caused by living pathogenic organisms. In- 
vestigations have shown, however, that the toxic 
products of some organisms can be prepared and 
separated from the organisms themselves by filtra- 
tion, and that such mierobe-free toxins when in- 
jected into animals may cause the same symptoms 
that aro produced by tho bacteria themselves (teta- 
nus and diphtheria). Accordingly, for the sake of 
convenience, these toxins also may be considered 
among the infectious agents, even though sepa. 
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rated from their corresponding bacteria. The va- 
rious infectious agents, including these toxins, find 
their proper places in the following classification, 
which, for the most part, is that of von Behring 

1. Living (i. ¢., pathogenic parasites). 
4. Macroparasites (c, g., intestinal worms, 

pediculi filariw, uncinaria). 
* %, Microparasites. 

1. Bacteria (fiesion fungi; each cell di 
vides into two in proliferating 
2. Fungi of more complex organizi 

(e. g., aepergillus, oidia). 

3. Protozoa (e. g., Plasmodium mala- 
ria, Amaba coli), 
4. Filterablo, ultramicroscopic or un 
known micro-organisms 
I. Non-living (i. ¢., toxins). 
4. Animal toxins (c. g., snake yenom). 
2. Vegetable toxins 
1, Non-bacterial (c. g., abrin, from the 
jequirity bean; ricin, from the cas- 
tor oil bean; the toxins of hay 
fever). 
2, Bacterial. 

a, Soluble bacterial toxins (diph- 
theria and tetanus). 

b. Intracellular bacterial toxins, 
which are not secreted by the 
colle in a soluble form. 

Im the subjects to be considered we shall dea 
chiefly with microparusites and the diseases which 
they cause. 
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CHAPTER I, 





INFECTIOUS ETIOLOGY, 


It is evident that the discovery of the specific 
organiem of an infectious disease is of the great- 
est irhportance for purposes of serum therapy, vae~ 
cination and hygienic prevention. For the demon- 
stration of a virus, it is not in all cages necessary, 
though desirable, that the organism be cultivated 
artificially, nor that it be recognized visually, The 
conditions in rinderpost may be cited in which the 
body fluids of a diseased animal, known to contain 
the infectious agent, are used for immunization, 
although the microbe itself can not as yot be culti- 
vated or recognized. 

‘There are so many possibilities of error, and so 
many errors have actually been made in regard to 
infectious etiology, that certain requirements in 
the way of proof are now habitually demanded be- 
fore a particular organism can be accepted as the 
cause of a disease, These requirements are most 
frequently expressed in the form of Koch's laws, 
which may be stated az follows 1. The suspected 
organism must be found constantly in the proper 
tisaues of an animal suffering from the disease, or 
which has died from it. 2, The organism must be 
cultivated artificially in a pure state. 3, It must 
be possible to reproduce the disease in a suitable 
animal by inoculation with the pure culture, 4, 
The organism must again be cultivated in a pure 
state from the tissues of the experiment animal. 
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Since these laws were formulated another proce- 
dure has been evolved which may give valuable “°* 
evidence as to etiology. ‘This pertains to the ag- 
glutination test, or, as we 5; of it in connection 
with typhoid fever, the Gruber-Widal reaction. 
‘This principle, that in the acquiring of immunity 
to a microbic infection the serum of an individual 
gains in ogglutinating power for the micro-organ- 
ism, has been found to hold true in many infee- 
tions. Consequently, if one has in hand the speci- 
fie micro-organiem for a disease, he would expect 
the serum of a patient sick of this disease to have a 

agglutinating power for this micro-or- 
ganism than for others which were accidentally 
present; and this power would also be greater than. 
that possezsed by the serum of one who had not 
had this particular disease, Tn spite of some pos- 
sibilities of error the agglutination test has been 
of distinct value in the recognition of the specific 
micro-organisms in certain diseases, as in the case 
of the germ of cpidemiec dysentery (Shign). 

Also the more recent development of the opso- 
nins and, particularly, of the phenomenon of fixa- 
tion of complement, promice to be of value in the 
recognition of specific micro-organisms. 

All Koch’s Jaws have not been complied with in on 
Certain nee, because of varions difficultics fuwat 
which have been encountered. First, the patho- 
genic protozoa can not be cultivated on artificial 
modia (we must except the success of Novy and 
MoNeal with certnin trypanosomes, and of Mus- 
grave and Clegg with the Ammba coli under sym- 
hiotic conditions) ; second, certain bacteria which 
may be found constantly in a given disease have 
not been cultivated artificially (spirillum of recur- 
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rent fever) ; third, there are a few diseases which 
are peculiar to man and accordingly can not be re- 
produced in experiment animals (leprosy, scarlet 
fever, moasles, ete.) ; fourth, some infectious agents 
are pathogenic for experiment animals, but do not 
reproduce in them a clinical or anatomic condition 
identical with that found in the original animal 
(typhoid). 

Furthermore, failure to comply with all the re- 
quirements enumerated does not, in some cases, 
disqualify the organism as the causal factor. If 
an organism is found constantly in characteristic 
sites in a given disease and not in other infections, 
and if at the same time other microbes are not 
present or are present inconstantly or through ae- 
cident, there could be little or no hesitation in se- 
cepting this organism as the cause of the disease, 
even if it wore impossible to cultivate it or to trans 
fer the disease to animals, The typhoid bacillus 
has been cultivated from characteristic foci (stools, 
blood, spleen, urine, rose spots) in such a large 
number of cases, and the bactericidal and agglu« 
tinating powers of the patient’s serum against this 
organism are so distinctive, that compliance with 
the third law, though desirable, is not now essen- 
tial. The conditions are similar in reference to 
cholera and the cholera vibrio. 

The conditions are so unique in some diseases 
that, although all Koch’s laws have not been met 
literally, certain equivalents have been met. To 
illustrate, we may consider an anopheles mosquito 
which hag become infected with the plasmodium 
of malaria by biting a malarial patient, as a cul- 
ture medium ; and the transferring of the infection 
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to another patient by the bite of this mosquito as 
the inoculation experiment which is desired. 

‘The term “specific infectious disease” has come 
to have a very special meaning. It is applied to a 
disease having characteristic clinical and anatomic 
phenomena, which can be caused only by one par- 
ticular micro-organism, Among the diseases 
which come within the limits of Hl this brief defini- 
tion, the following may be enumerated (the micro- 

ism which is the cause of cach disease being 
also given), for the sake of illustration. 


Diphtheria Bacillus diphtheria 
Tetanus Bacillus tetant 
‘Typhoid fever Baeillus typhosus 
Cholera Vibrio cholerw 
Anthrax Bacillus anthracis 
Tuberculosis Bacillus tuberculosis 
Leprosy Bacillus lepra 


Plague Bacilius postis 
Pimalery (bacillary) Bacillus dysenteria 
Bacillus influenze 
Gees (farcy) Bacillus mallet 
Chaneroid Bacillus chancri mollis 


(Duerey) 
Recurrent fever Spirillum obermeieri 
Gonorrhea Micrococcus gonorrhea 
Epidemic cerebrospi- Diplococcus intracellulas 

nal meningitis ris meningitidis (of 

Weichselbaum) 
Actinomycosis Actinomyces bovis et 

hominis 
Blastomycosis Blostomycetes and Oidia 
Malaria Plasmodium malaria 
Syphilis Spirockata pallida 





Wivetlow 
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A large number of animal diseases have their 
specific microbes, as do certain other human dis 
eases which hardly concern us as to the subject in 
hand. 

Tn addition to the diseases mentioned, there are 
several, of unknown etiology, which from analogy 
we must recognize as entities because of their con- 
stant clinica] and anatomical manifestations. Scar- 
let fever, measles, German measles, chickenpox, 
smallpox, yellow fever, typhus fever and hydro- 
phobia, are undoubtedly due to micro-organisms. 
Mallory recently found in the skin of four scar- 
lot fever patients a protoz ‘¢ body which he 
believes to be the cause of the disease, although 
he admits that much desired proof has not been ob- 
tained. 

It is possible that smallpox and vaccinia will be 
eliminated from the diseases of unknown causa- 
tion, owing to the evidence of protozoin etiology 
that Councilman and his colaborers have obtained ; 
howover, for the present, tho question i sub judice 
in view of the fact that the forms deseribed bear a 
close resemblance to certain well-known types of 
cell degeneration. 

The following animal diseases, of unknown 
etiology, may aleo be mentioned in this connec- 
tion: Foot und mouth disense, peripneumonia, 
bovine pest, shoep-pox (clavelee), chicken-typhus 
or chicken-pest and epithelioma contagiosum of 
fowls. 

‘The following appear to be the chief reasons for 
the failure to discover the organisms of these dis- 
eases: 1. Inability to cultivate the microbe. 2. 
Mixed, or evmbiotic infections, For a long time it 
was supposed that the so-called hog-cholera bacillus 
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fs the cause of hog cholera. Recent experiments, 
however, have disclosed that the true virus is ultra~ 
microscopic and filterable, the bacillus being only 
a more or lesz constant associate. It is conceivable 
that in some eases the combined action of two 
micro-organisms may be necessary to cause the 
disease, The non-toxic products of the two may 
synthesize to form a toxic substance (Hektoen.) 3. 
Unstainability of the microbe, 4. Ultramicro- 
scopic size. The organism of the peripneumonia of, 
calle was cultivated by Nocard and Roux by grow- 
ing it in @ closed collodion sac which was placed in 
the peritoneal cavity of suitable animals. It is so 
small that its form can not be made ont, and 
growth is recognized only by clouding of the 
culture medium, and the increased virulence of the 
Intter for animals. 

Some valuable information has been obtained 
by observing whether the infectious agents are 
80 small that they will pass through dense filters 
of poreelain or infusorial earth. It has been found 
that the viruses of foot and mouth disease, peri- 
pneumonia, rinderpest, sheep-pox, chicken-typhus, 
horse sickness, epithelioma contagiosum of fowls, 
yellow fever, hydrophobis, and hog cholera are fil- 
terablo. This is determined by injecting the fil- 
tered culture medium or serum into susceptible 
animals. The viruses of smallpox, vaccinia, and 
Rocky Mountain spotted fever are not filterable 
Tnasmuch as scarlet fever, measles, chicken-pox 
and typhus fever cannot be produced in animals 
the filterability of their viruses is nat at present 
susceptible to determination. 

"There is n marked tendency in many diseases, 
typhoid, cholera, malaria, ete., for characteristic 
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organs or groups of organs to be involved in some 
particular manner, These are features which, 
together with a constant bacteriology, stamp them 
as specific diseases. On the other hand, a large 
number of micro-organisms cause no well-defined 
clinical and anatomic disease, but, depending on 
various accidents, cause an inflammation now in 
one organ, now in another. 

Regarding the production of suppuration, the 
pyogenic power ig common to a large number 
of microbes. A diphtheritic or pseudo-diphtheri- 
tic process in the mouth and throat may be caused 
by the diphtheria bacillus, streptococcus, staphylo- 
coceus, oidium or yeasts ; bronchitis may be caused 
by the influenza, tubercle, plague and typhoid 
bacilli, and by the infecting agents of the acute 
exanthemata, ¢te.; pulmonitis by the pneumococ- 
cus, streptococcus, tubercle, plague, Friedlander 
and influenza bacilli, oidium, actinomyces, etc. 
meningitis by the tubercle and influenza bacilli, 
streptococcus, staphylococcus, pneumococ 
coceus, diplococcus of epidemic meningiti 
syphilis virus, ote; arthritis by the etreptdcoceua, 
staphylococeus, tubercle bacillus, gonococeus, the 
virus of rheumatic fever, ete.; endocarditis by the 
streptococcus, staphylococcus, gonococcus, pneu- 
mocoeeus, tubercle bacillus, eto, and septicemia 
by a whole host of organisms aside from those 
mentioned as causing specific diseases. 

Within certain limits, however, there is often a 
degree of specificity in the processes produced by 
some of the organisms mentioned, which some- 
times allows of clinical and anatomic differentia- 
tion. The infiltrating and rapidly extending in- 
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process caused by the staphylococcus. The 
conditions induced by the Bacilius aerogenes eap- 
aulatus, the bacillus of malignant edema, are, in 
turn, different from those of the streptococcus and 
staphylococcus. The pneumococeus commonly 
causes the consolidation of rather extensive areas 
‘of the lung. whereas the etreptococeus and the 
baeillos of Friedlander are more often found in 
the lobular consolidations. The membranous in- 
fammation of diphtheria may in favorable casee 
be distinguished from that of the pyogenic organ- 
ems without bacteriologic aids; in this possibility, 
however, there lice no justification for neglect of 
the bactericlogic examination. 
Tn nature pathogenic micro-organisms are often 
found side by side with eaprophytes or with other 
ic bacteria, and at times their vinbility is 
profoundly influenced by their associates. Thus 
it is found that the bacilli of plague and typhoid 
and the vibrio of cholera do not live long in the 
presence of many saprophytic organisms. In some 
instances this may be due to the exhaustion of the 
tutrient material by the more rapidly growing 
saprophytes, whereas in others it may be referable 
to an antagonittic action of one organism on the 
other. On the other hand, the relationship may be 
& favorable one. The existence of anaérobie or- 
anisms in nature, euch as the tetanus bacillus or 
the bueillus of malignant edema, may be favored 
by a liexuriant growth of aérobic organisms in 
their immediate vicinity. 


Symbionts. 
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Infections. 
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‘This relationship is investigated experimentally 
either by growing two organisms in mixed eul- 
tures, noting subsequently whether one has out~ 
grown the other, or one may be grown on a me- 
dium which has previously boen utilized by the 
other. The predominance of one or the other may 
depend on the nature of the culture medium, This 
principle is utilized in obtaining pure cultures of 
the cholera yibrio from dejecta by the use of a 
strong alkaline medium which favors the growth 
of the cholera vibrio but inhibits that of the other 
intestinal bacteria. Similarly the diphtheria bacil- 
lus grows wel! on Loelfiler’s blood scrum, whereas 
the other organisms commonly found in the throat 
do not. 

Garré distinguished o one-sided and a mutual 
antagoniam between bacteria, but the former seems 
to be the more common. Examples of favorable 
symbiosis on suitable culture media are the fol. 
lowing: Streptococcus and cholera vibrio; anthrax 
and pyocyaneus bacilli (Turrd) ; diphtheria bacil- 
lus and the streptococcus (Hilbert). In plate eul- 
tures it has been found that the influenza bacillus 
produces unusually large colonies when they lie 
adjacent to colonies of the staphylococcus (Grass- 
r), aud that it grows vigorously on agar 
killed bodies of the gonococcua or 
diphtheria bacillue (Cantani). It has been noted 
that the diphtheria bacillus is stimulated to a 
greater production of toxin by the presence of 
atreptococci, 

‘The coexistence of two or more micro-organisms 
in a morbid condition is of frequent occurrence, 
and some of the most interesting and important 
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phonomena of infectious discases are referable to 
mixed, secondary or superimposed infections. 
‘Two exogenous infections may attack an indi- 
vidual at the same time. Measles and scarlet fever 
and diphtheria and scarlet fever have been known 
to coexist. Pueumococeus pneumonia and typhoid 
fever, chanere and soft chancre with pus cocci, 
syphilis and gonorrhea, diphtheria with strepto- 
eocdi, tetanus with gangrene-producing organisms, 
are common observations. One organism may in- 
tensify the virulence of another. Diphtherin ac- 
companied by streptococcus infection scems to be 
more virulent than diphtheria alone. It is also 
believed that the presence of avrobic organisms 
(those which demand oxygen for their develop- 
ment) in a wound infected with the tetanus bacil- 
Tus or the bacillus of malignant edema (anaérobic 
organisms), may increase the virulence of these 
infections. Streptococci are probably important 
organizms in ecarlet fever, for they are present in 
unusual numbers in the throat lesions and are 
often found in fatal cases in all the orguna, yet it 
is possible that thoy inaugurate only a mixed or 
secondary infection superimposed on that of the 
searlatina virus. The conditions are somewhat 
similar in smallpox, the pustules of which invari- 
contain streptococci, staphylococci, or both. 
Tn both scarlatina and smallpox these secondary 
infections may be responsible for many fatalities. 
Pneumococcus pneumonia occurring during the 
course of, or during convalescence from the erup- 
tive fevers, diphtheria, typhoid fever or erysipelas ; 
a streptococcus septicemia developing during 
typhoid (giving rise to an irregular temperature 
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curve), streptococeus infection of tubercular cavi 
ties, and the development of acute tuberculosis 
during measles—these are important examples of 
sccondary infections, 
We should naturally expect that the presmnee of 
a severe secondary infection might embarrass at- 
tempte at serum therapy and vaceinal therapy. 
Experience regarding the former is limited prac- 
tically to diphtheria, and there is no Jack of evi- 
dence to show that the disease when complicated 
by severe streptococcus infection sometimes can- 
not be controlled by antitoxin treatment; and in 
inal therapy (injection of micro-organisms or 
their products) it is emphasized from all sides that 
in the presence of mixed infection it is advisable 
to inject preparations of the secondary aa well ag 
the primary organisms concerned. 
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ANFECTION ATRIA AND THE EXCRETION OF MicRO- 
OROANISMS. 
Infection Atria. 
The infection atrium is the primary point of 
invasion by micro-organieme, or the point or tissue 
Or surface through which they reach internal 


Tn general, micro-organisms may enter the body 
through any of its surfaces, except, of course, the 
serous coverings. Anatomical structure, however, 
renders the akin, and other surfaces which are 
clothed with pavement epithelium, quite resistant 
to penetration, in the absence of wounds. Leay- 
ing wound infection out of consideration the mu- 
cous surfaces afford the most frequent points of 
entrance. 


Certain micro-organisms appear to have « predi- 


fection for particular tissues, preferring one point 5% 


of entrance or primary involvement above all 
others. Thus, in so far as we know, the typhoid 
bacillus and the cholera vibrio always produce 
their primary infection. in the intestines, although 
‘a hematogenous typhoid is sometimes apoken of, 
the true atrium escaping detection. The diph- 
theria cee habitually makes its attack in the 
Upper ratory passages It is probable that 
moasles and scarlet fever utilize the respiratory 
‘tract for the point of invasion, although this can- 
‘not be determined positively at present. As will 
“be described later, many microbes have a predilec- 
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tion for certain tissues after they reach 
of the body. 

Sometimes it would appoar that a p la 
surface is predilected only because it is the area 
which is most commonly exposed to mfection.— 
Thus, syphilis is usually a venereal diseases 1 
though on proper exposure chancres occur ret 
on the lip, the mucous membranes of the 
tonsils, or through wounds in the skin. Hence 
the predilection of the primary sore for the 

tals is only apparent. Also the diphtheria 
occasionally is inoculated into wounds ongeutanc- 
ous surfaces and in the vagina. Some mucous 
surfaces are protected against microbie invasion 
by the character of their secretions, as in the cases 
of the stomach and vagina (See under “Natural 
Immunity”). 













Ceyytonen- 
eile takers 
‘one: 


perimentally it has been shown that tubercle ba- 
cilli readily pass through the intestinal wall into 
the mesenteric lymph glands without causing le- 
sions of the intestines. Leucocyte may carry or- 
ganisms through the intact surface of the intos- 
tines into the deeper tissues, and possibly the came 
process occurs in the lungs, particularly in rela- 
tion to the tubercle bacillus (1 

Infection through the skin commonly takes 
place through wounde (tetanus, glanders, mal 
nant edema and purvlent infections), although the 
wound may be so small as not to be discoverable 
(bubonic plague), ‘““nsect-borne” diseases are 
imoculated through the skin by the bites of the 
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insects, In the case of plague the bacilli may be 
doporited on the skin in the feces of the flea and 
subsequently inoculated by means of rubbing or 
scratching, The guinea-pig may be infected with 

by rubbing a culture on the shaven skin. 

wounds probably exist. Staphylococci may 
reach the hair follicles as a consequence of rub- 
bing and cause furunenlosis after penetrating the 
soft epithelium of the follicle. 

‘The conjunctiva haa rather high resistance for 
some micro-organisms, as the anthrax bacillus, 
and it harbors staphylococci continuously. It may 
be invaded, however, by the gonococcus (especially 
in children), pneumococcus, streptococcus, staphy- 
fococens, diphtheria bacillus, Morax-Axenfeld ba- 
cillus, and probably the meningococeus. ‘The 
plague bacillus will cause generalized infection 
through the conjunctiva in rats, and it is reported 
that glanders and hydrophobia (Conté, Galtier) 
may also gain entrance through the conjunctiva. 

‘The nasal passages become infected with the 
organisms causing coryza, with the organisms of 
iphtheria, influenza, glanders, leprosy and with 
the pyogenic cocci, Some of these may extend to 
the adjacent cavities, antrum of Highmore, frontal 
‘einuses, and the middle ear through the Eustachian 
tube. On account of the proximity of the nasal 
pascages to the brain, and the lymphatic communi- 
ations, it is probable that meningitis (pneumo- 
‘eeecic and epidemic cerebrospinal) often arises by 
‘extension of the organisms from the nose to the 
‘meninges through the ethmoid, 

is, syphilis, occasionally tubereulo- 
‘is (tongue), noma, thrush, and in children gon- 
_ orrhea may find primary location in the mouth. 
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Streptococci, pmeumococei and diphtheria read- 
ly attack the tonsils, and it is probable that the 
tubercle bacillus often enters through them, with 
or without causing local infection. Similarly it is 
believed by many that organisms causing xeptice- 
mia (particularly the streptococcus), acute artieu- 
lar rheumatism, and osteomyelitis may enter 
through the tonsils, and this may also be the case 
in ecarlet fever. 

The bronchi become infected by the various or- 
ganiéms causing bronchitis (streptococcus, pneu- 
mococeus, influenza bacillus, ete.), and, either 
through surface or lymphatic extension, or by deep 
ingpiration, these and many other organisms, a# 
the tubercle and plague bacilli, and the actino- 
myces, reach the deeper recesses, Some of the ex- 
anthomata, as measles and smallpox, may find en- 
trance through the pulmonary tissue. As explained 
later, “dust infection” and “droplet infection” are 
of great importance in pulmonary involvement, 
particularly in relation to tuberculosis, “Pri- 
mary” tuberculosis of the peribronchial lymph 
glands indicates that some micro-organismma may 
traverse the bronchi without involving them. 

‘The stomach is comparatively free from infec- 
tions. ‘The intestines provide an atrium for ty- 








" phoid, cholera, dysentery (bacillary and amebic), 


tuberculosis, plague, anthrax, in children for the 
streptococeus, Bacillus pyocyaneus and others; in 
animals, for anthrax, plague, swine plague, mouse 
typhus, chicken cholera, hemorrhagic septicemias, 
intestinal diphtheria of rabbits, and others. 

‘The extont to which micro-organisms are carried 
from the intestines into the body in a state of 
health is greatly disputed, but frequent existence 
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of primary tuberculosis of the mesenteric lymph 
glands indicates that it probably occurs. 

Rectum.—Gonorthea, septic infection of hemor- 
thoidal veins. 

Urethra—Gonorthea, syphilis; “simple” ure- 
thritis due to other causes. 

Biadder and Ureters.—Infection usually second- 
ary. by exfension or from the blood stream. 

External Genitals—Hard and soft chancres. 
Diphtheria in girls. 

Female Genital T'ract—Gonorrhea, especially in 
the cervix, which is covered by soft cuboidal epithe- 
lium. The vagina is quite resistant owing to its 
covering of pavement epithelium and the bacteri- 
cidal character of its secretion. Virulent pyogenic 
organisms sometimes are found in the normal 
vagina and they may occasionally be responsible 
for puerperal infections. 

‘The above refers to primary invasion. It is well 
‘known that many of those eurfaces and the organs 
which they cover are frequently involved subse- 
quent to initia] infection at come other point. This 
is secondary, or, better, metastatic infection. 


Exxoretion of Micro-organisms. 
Tn the transmission of an infection from person 
to . without the intervention of an inter- 
ite host (insects), the process naturally pre- 
‘supposes that the micro-organisms are excreted or 
discharged from the body of the patient through 
one channel or another. Regarding the likelihood 
of transmission, in the event of excretion, this 
‘Will depend on the character of the organism, its 
viability under the conditions of excretion, the in- 
fection atrium which it demands, and whether or 
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not it is discharged in such manner that it is read: 
ily disseminated. Some of these points are con- 
sidered in following chapters. 
As a general principle it may be stated that 
‘site of When the surfaces of the body are the seat of infee- 
Tavolvement. tion the micro-organisms are discharged into the 
outer world more or less easily. This applies not 
only to the cutaneous surface, but aleo to the mu- 
cous surfaces, as the lungs, alimentary tract, gall- 
bladder, and urinary bladder, and also to discharg- 
ing sinkes and abscosses which rapture through a 
cutaneous or mucous surface. The surfaces may 
be involved either primarily, ae in tuberculosis or 
blastomyeosis of the skin, or ag a part of a goner- 
alized infection, as in the case of some of the 
eruptive diseates, Thus from the respiratory pas- 
sages the microbes of pneumonia, tuberculosis, 
diphtheria, tonsillitis caused by other micro-organ- 
isms, plague pnenmonia, influenza, whooping- 
cough, epidemic cerebrospinal meningitis and 
probably meaelea, ecarlet fever and smallpox, are 
discharged into the surrounding air. From the 
intestinal tract the micro-organisms of tubercu- 
losis, typhoid fever, cholera and of other less im- 
portant diseases reach the outer world. From the 
genito-wrinary tract, those of gonorrhea, syphilis, 
tuberculosis, typhoid and paratyphoid fevers; from 
the skin the microbes of ulcerative processes, the 
contagious dermatoses, trichophytosis, favus, ete... 
and probably some of the contagious exanthemata 
(scarlet fever, measles, ete.). 
Metastatte Of great importance is the fact that rome infec- 
Hatection®: tions which are primarily systemic, or become so 
during the course of infection, commonly involve 
some excreting organ secondarily, thus rendering 
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or increasing, the discharge of the organ- 

jams. In a large percentage of the cases of typhoid 

fever the kidneys become the seat of numerous 

foci of metastatic infection, resulting in the elim- 

imation of Iarge quantities of living, virulent ty- 

phoid bacilli in the urine. A similar event happens 

Ms paratyphoid fever, and Ee systemic tuberealosis, 

‘even su; that sleeping sickness 

acquired by coitus, “MGT Sickness,” which 

tly is acquired through the gastro-intes- 

tract, is tpacamnitind through the milk (Jor- 

dan Seer Harris), and the same is true of Malta 

fever. The virus of hydrophobia is excreted 

through the salivary glands. Experimentally, 

pneumococci and anthrax bacilli, when injected 

into the clreulation, have been recovered from the 

tract. This was also done with the 

vibrio of cholera in guinea-pigs (Kolle and 

Issaeff). 

‘There statements are made with reference to 

of micro-organiems during actual 

disease. Investigations have shown, however, that 

infections on a large seale, reaching even epidemic 

Be ek: ‘are frequently derived from those who 

in a state of good health. Usual, 

bat not always, this concerns individuals who have 
suffered from the infection at some previous 
and they are known as “bacillus carriers,” or 

“carriers” 






‘The vibrio of cholera may be exereted in the 
“looks for forty-cight days after the recovery of 
the patient (Kolle). Virnlent diphtheria bacilli 
‘may be discharged from the mouth and nose for 
‘months after recovery from the disease, and in the 
“ease of rhinitis fbrinosa chronica this may persist 






“Currier” 
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for years. “Latent” gonorrhea is frequently in- 
fective. The urine after recovery from typhoid 
fever may contain the bacilli for months (Pe- 
truschky and others), and the recent etudr of tr- 
phoid carriers has shown that they may discharge 
bacilli in the stools for many years (twenty or 
more). In some instances it has been supposed 
that the gall-bladder is in a state of chronic in- 
fection with the bacilli and serves as = reservoir 
for continuous flooding of the intestines. The 
value of the remedial measure enggested—i.e.., the 
extirpation of the gall-bladder—has not yet been 
demonstrated. We cannot leave out of mind the 
possibility that the typhoid bacillus, in some in- 
stances, may become habituated to the intestinal 
environment and multiply there; in such cases it 
would not be necessary to assume another source 
of replenishment. The dissemination of miero- 
organisms by insocts which have fed on infected 
blood is apart from excretion and ie considered 








under the subject of “Insect Transmission” Chap- 
tor VI.). 





CHAPTER Iv. 


SOURCES OF PATHOGENIC MICRO-ONGANISILS. 


(1) Barth, Bte.; (2) Food Substances; (3) Ani- 
mals; (4) Body Surfaces of the Individual. 

Micro-organiems which produce diveaze in man 
may be derived (1) from the earth, other inani- 
mate material, or from vegetable growth; (2) 
from water, milk or other food substances; (3) 
from animals, directly or indirectly; (4) from the 
body surfaces of tho individual himself; (5) from 
other human beings, and (6) from imsects, 

1. The extent to which the superficial earth is 
contaminated with micro-organisms depends on 
various conditions, particularly the presence of 
dead organic matter, moisture, temperature, the 
dogree of exposure to light and sunlight, the chem- 
ical composition of the soil, and the admixture of 
animal excretions, Some of them inhabit the soil 
naturally and are comparatively harmless sapro- 
phytes, and may even bo of great value in the 
regeneration of soils. Others, of pathogenic char- 
acter, scem to occur naturally in the earth or on 
vegetation, whore they multiply readily (the pyo- 
genie cocei, actinomyces). On the other hand, a 
large number of pathogenic organisms reach inan- 
fate nature only ox they are deposited with the 
excretions of man (those of typhoid, paratyphoid, 
dysentery, cholera, plague, tuberculosis, ote.), or of 
animals (tetanus bacilli). Many, as the organisms 
of typhoid, cholera and plague, probably do not 
proliferate at all in the earth, although some (tet- 
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anus bacillus and that of malignant edema) re- 
tain life and virulence for a long time. It is still 
uncertain whether the latter proliferate in this sit- 
uation, or whether they persist merely through the 
agency of their resistant spores. Inasmuch as they 
are anaérobic in character, their life may in some 
instances be prolonged through symbiotic avrobie 
organisms, which surround them and create for 
them an atmosphere which is poor in oxygen. ‘The 
presence of many saprophytes is unfavorable to 
the life of certain micro-organiems in the soil (ty- 
phoid, plague). In so far as is koown none of 
the protozoa which are pathogenic for man occur 
in the soil naturally, 

2. Water, milk und other food substances rarely 
harbor important pathogenic organisms under nat- 
ural conditions. On the other hand, they play a 
very important part in carrying such microbes 
from man to man, and in some instances from 
animals to man, as explained in succeeding chap- 
ters, Stagnant water frequently sets up acute enter- 
itis, which may in some instances be due to its 
chemical constituents and in others to saprophytic 
organiems, 

Solid foods, as frnits and vegetables, may occn- 
sionally harbor bacteria, particularly when in ¢ 
stato of decay, which have moderate pathogenic 
powers for the intestinal tract; or, by providing 
suitable alimentation or otherwise modifying the 
contents or resistance of the alimentary tract, may 
render organisme virulent which otherwise would 
be harmless. ‘ 

Meats, healthy in the first instance, are subject 
to invasions by micro-organisms from the intes- 
tinal tract, after the denth of the animals (fowls, 
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fish, oysters), or they may be contaminated by 
unclean and improper preservation later, The 
symptoms caused by their ingestion are actual in- 
fections in some instances (a8 with Bacilius enter- 
), whereas in others the condition may be one 
of intoxication by the products of saprophytic ac- 
ivity (Bacillus botulinus). 

Some yegetables contain highly poisonous alka- 
loids and toxins, which rarely find a place in dis- 
cate, Some of them have been of great value in 
the experimental study of toxing and antitoxins. 
(See tuble at close of Chapter I.) 

8. Animals are sometimes subject to infection 
by microbes which are also pathogenic for man, 
transmission taking place through the consump- 
tion of diseased meat or milk, or through direct 
or indirect contact, through wounds, or by the 
bites of insects, 

Tn bovine tuberculosis the udder is frequently 
involved, and in such cases large quantities of the 
bacilli are exereted by the milk. Although the 
virulence of the bovine bacillus for man may not 
be so great as that of human tuberculosis, it is 
now well established that it often infects man, 
perhaps children more frequently than adults. The 
cow's udder is oceasionally involved in infections 
with streptococci, which, being excreted in the 
milk, are eapnble of causing revere enteritis when 
the milk is ingested. 

The micro-organism of milk sickness is trans- 
ferred in o similar way, and only recently it has 
heen shown clearly that man (in Malta) becomes 
infected with Malta fever by the consumption of 
the milk of goats. A very large peroentage of these 
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animals was found suffering from the disease, and, 
since the use of goat's milk bas been prohibited, 
the incidence of the disease in man has undergone 
an astonishing decrease. It seems to have been 
demonstrated that both horees and cattle ocea- 
sionally suffer from generalized infections with the 
paratyphoid bacillus, and with Bacillus enteritidis, 
and epidemic infections with the former have been 
traced to the consumption of diseased meats. Bot- 
ulism and trichiniasis are derived in the same 
way. In some instances infection of the meat 
probably takes place during or subsequent to 
slaughtering. 

Anthrax, glanders and actinomycosis are con+ 
veyed to man from animale by contact, the first 
two being contagious; and hydrophobia by the hites 
of rabid animale—i. ¢., by wound infection. 

In a few instances infections are transmitted 
from an animal to man by means of insects. ‘Thus, 
the conveyance of plague from the rat. by the flea 
is one of the means by which man contracts this 
disease, The tsetse fly of South Africa, which 
inoculates man with the trypanosome of sleeping 
sickness, seems to derive its infection from wild 
animals in some instances, although human pa- 
tients are also an important source of infeetion for 
fresh flies. The virus of Rocky Mountain spotted 
fever probably passes at least a part of its exist- 
ence in the bedy of one or more species of small 
wild animals, and this step seems necessary 
for the maintenance of virulence. In connection 
with malaria, relapsing fever, South African tick 
fever and the piroplasmoses a third host seems to 
play no réle, or, at any rate, not a necessary rdle. 


— 
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Snake venoms, and the poisons of spiders, bees, 
and rarious insects, aro toxins of animal origin 
which have pathologic and scientific importance. 

4. “Endogenous” infection or “autoinfection.” 
By this term we mean infection of an individual 
by micro-organisms which reside naturally on 
some surface of the body. Such organisms pro- 
nce infection only when some other factor, par- 
ticularly traumatism, comes into operation. 

Hair follicles frequently contain staphylococci 
and when occlusion occurs the organisms may pro- 
duce a pustule or a furuncle. An injury of the 
conjunctiva may result in infection by staphy- 
Jococci or pneumococci, which are present normally, 
and many wound infections arc due to organisms 
which pre-exist on the surface. 

Probably a factor of great importance for the 
invasion of such organiams is a condition of low- 
ered resistance on the part of the tissues We 
know, for example, that virulent streptococci and 

jocoeei are frequently found in the pharyax 
and on the tonsils in apparent health. Dxposure 
to cold in some instances may be the means of 
lowering the resistance of the surfaces (inhibition 
of the antibacterial forces) eo that the organisms 
become more numerous and penetrate the sur- 
face Observations suggest also that the presence 
of @ serous exudate, such as exists even in a tran- 
sient inflammation, may cause an increase in the 
virulence of the organisme which are bathed by it. 
Similar forces may play a réle in the bronchitis 
and pneumonia which follow exposure. 

‘There seems to be comparatively little danger of 
“autoinfection” from pathogenic bacteria which 
exist normally in the intestinal tract, except in 
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the case of traumatism, as in incarcerated hernia, 
or in severe constipation, or when the normal 
resistance of the intestines bas been much dis- 
turbed by improper food. 

Sometimes an attack of a diseate represents a 
recrudescence or reinfection hy organisms which 
have persisted at some point following a previous 
attack, Relapses of typhoid fever and recurrences 
of facial erysipelas, and frequently the flaring up 
of an old (latent) gonorrhea, illuatrate this. Acute 
miliary tuberculosis, or tubereulous meningitis, 
may follow the escape of bacilli into the cireulation 
from an unsuspected focus in 2 peribronchial 
lymph gland. This manifestly is not autoinfee- 
tion or endogenous infection, since, even in the 
old Intent foci, the infection dates back ta a prior 
invasion, 
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SOURCES OF PATHOGENIC MICKO-ONGANISMS 
(Continued.) 


(6) Prom Man to Man. 

As indicated in Chapter J. there ave all deg: 
in the facility with which infectious di: 
transmitted from one person to another, vary 
from that in which it ie only necessary to breal 
the air surrounding « patient (scarlet fever, 
measles, influenza, ¢te.), to that in which trane- 
mission never takes place under ordinary cireum- 
stances (tetanus, hydrophobia). 

In some instances a logical relationship existe 
between the facility of transmission, on the one 
band, and the form of excretion of the mic: 
ganisma and their preferred infection atrium, on 
the other. Thus in many diseases in which the 
micro-organisms are excreted from the respiratory 
paseages the latter are also used as the infection 
atrium (influenza, measles, smallpox, etc.) In 
others, in which they are excreted mainly by the 
intestines, the infection atrium is the intestines 
(typhoid, cholera, dysentery). Even if it were 
possible for the organisms of typhoid and cholera 
to gain entranco through the lungs (and indeed it 
may be porsible in typhoid at least), the fact of 
their excretion mainly by the stools, and by the 
urine in typhoid, would render primary pulmonary 
involvement difficult, They reach the intestines 
more readily through contaminated food, water, 
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ele, than they could reach the 

fected dust or droplets. Similarly, 

scarlet fever, which is excreted from 

skin, could cause infection only through cu 
wounds, rather than through the air passages, | 
is reason fo believe it would not hold its 
ent position as a very contagious disease. 
the communicable diseases we have to 
that each has its own mechanism for al 
tranamiseion, although the habitual Toda 
may be departed from on many occasions. . 

As would be supposed, the diseases which are 
most readily acquired, the most contagious, and 
the most prevalent are those in which the micro- 
organisms are excreted into the air from the res- 
piratory passages, and in which also the respira- 
tory passages are the preferred infection atrium. 
‘The medium of conveyance—i. e., the air—is used 
alike by all individuals. Some other diseases, much 
lese contagious than those mentioned, may pre- 
vail in extensive epidemic form, often exceeding 
scarlet fever, measles, etc., in the percentage of 
incidence, as in the cases of cholera and typhoid 
fever. This is commonly due to an infected water 
supply, and the distribution of the disease cor- 
responds in large degree to that of the contami- 
nated water. In other words, the epidemic is co- 
| extensive with the use of the conveying medium. 

Similarly, the prevalence of gonorrhea and syph- 
ilis depends on the extent of promiscuous sexual 
intercourse; and, of malaria and yellow fever, on 
the number of individuals who become bitten by 
the infected Anopheles or Stegomyia mosquitoes. 

‘Thus the central factor in the communication 
of infection is suitable contact with the agency 
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of y, and where such contact ean be re 
Ren ith difficulty communication from person 
person rarely occurs (0. g tetanus and hydropho- 
iene in which wound inoculation is required). 
yes is probable that the air, in the absence 
of atmospheric currents, wonld soon become ster- 
ile, by virtue of the effect of gravity in sarrving 
the microbes to the earth, and the germici 
tion of sunlight and diffuse light. Of cou course, can 
conditions do not prevail, or are not effective, and 
the air stands as one of the important agencies by 
which virulent micro-organisms reach the individ- 
wal, either from other individvals and animals or 
from inanimate nature, 
For a long time it was supposed that convey- 
‘ance through the air takes place chiefly or entirely 
through the medium of fine] particles of dust which 
‘are laden with micro-organisms (“dust infection”). 
Tt was only through fundamental work by Flugge 
(1897) and others that it was shown how minute 
droplets of saliva or mucus from the lungs or nasal 


passages are fully as important as dust, and per- 
haps more it, for the transfer of infection 
from one individual to another. This is “droplet 
infection.” 


‘The fields oceupied by dust infection and drop- 

Jet infection do not caincide exactly. Only those 
diseaees can be concerned in droplet infection in 
which infected droplets are discharged from the 
‘body-—ive., chiefly from the upper respiratory pns- 
@oges. Since the infective droplets of saliva, 
serum, mucus and pus may become desiccated and 
the field of dust infection, theoretically, 

th not only those diseases, but alto many 
"others. ‘Thus, dust infected with the pyogenic or- 
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ganiems, or with tetanus bacilli, may be derived 
from ordinary earth or earth contaminated with 
the dried excretions of animals. And in other 
cases dried and pulverized urine or feces (typhoid. 
cholera), or desiccated discharges from diseased 
surfaces, from sinus and abscesses (tuberculosis, 
erysipelns), may give rise to infected dust. The 
skin may be an important source of infected dust 
in the desquamative diseases (scarlet fever, measles, 
smallpox), in that individual horny cells or groups 
of cells laden with organisms may float in the 
air with no great velocity in the movement of the 
latter. 

‘The importance of dust infection is curtailed. 
however, hecuuse of the slight resistance which 
many microbes show against desiccation and the 
germicidal action of light. Gotschlich classifies 
micro-organisms regarding the likelihood of their 
participating in duet nfection aa follows: 

(0) Organisms which are not capable of living 
in dust as it is dried in the air, and hence never 
(rarely might be better) can be disseminated 
through dried particles (cholera, plague, gonor- 
rhea, influenza), 

(b) Organiems which are capable of being car. 
ried asx dust for considerable distances by such 
weak currents of air as ordinarily exist in dwell- 
ings, and which, when once suspended in the air, 
remain alive for a long time, and easily lead to 
dust infection (pus cocci, pyocyanous, meningococ- 
ens, anthrax spores, tubercle bacilli and tetanus 
bacilli). 

(c) Organiems which, indeed, are rosistant to 
desiccation, but which are disseminated as dust 
only through stronger sir currents, such as occur 
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sctentcaly in dwellings (typhoid and less often 
iphtheria). 


‘This leaves out of consideration the unknown 
organisms of the exanthemata, referred to above. 
ae conditions as they ordinarily exist in dwell- 

ings are taken asa standard, and the weight and 
te of the particles, and the velocity of the air 
in an upward direction, ae well as the viability of 
the different organisms in n dried condition, are 
the essential factors which govern the likelihood 
of dust infection. “Naturally, only those infected 
particles of dried dust which may be carried up- 
ward for a considerable distance by a very low 
velocity of the air are able to remain suspended 
for some time in the atmosphere of a room and, 
consequently, exist as a protracted danger of air 
infection. M. Neisser considera as the limit that 
of “Verstaubbarkeit’® in which the in- 

fected particles may be carried to x height of 80 
an air velocity (upward) of 1 om. (per 
from Gotschlich in Kolle & 

Handbuch der Pathogenen Mikro- 
oon Vol. 1, p. 168). After the dust in a 
room is once thoroughly stirred up, from one to 
eight houra are required for it to settle completely 
under the most favorable conditions (Stern, 
Pligge, cited by Gotschlich). Dust infection may 
play 4 part in public buildings and conveyance: 
where the currents of air are stronger than they 
ordinarily are in dwellings. Even in dwellings. 
however, the conditions are by no means uniform. 
More violent currents are excited by a breeze 
through an open window, by the movements of 
persons, and the chances of infection are mnereased 
—} Palverieation. 
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as a consequence of “dusting.” neal the 
longer the suspension within the period of via- 
bility of the organieme the greater the chance of 
conveyance. 

Droplets of saliva, etc., are discharged into the 
air through coughing, sneezing, laughter, and even 
forcible speaking. This does not occur = Ee 
nary respiration. In coughing 

carried as far as thirty feet from the individual 
and they may be carried much farther by extrane 
ous currents of air, Such droplets may remain 
suspended in the air for approximutoly an hour, 
but the period of their suspension depends on their 
size, the weight of the organizms they carry and 
the degree of moisture in the air. In a drier air 
they become desiccated more quickly and after des 
ication fal! more rapidly. 

Taschtschenko, and also Heymann, investigated 
the dissemination of tubercle bacilli by coughing 
in pulmonary tuberculosis, In 40 per cent. of the 
cases guinea-pigs which were placed even at con- 
siderable distances from the patiente contracted 
tuberculosis of the lungs or bronchial lymph 
glands, he bacilli have been demonstrated mi- 
croscopieally in such droplets by numerous ob- 
servers. Leprosy bacilli are carried similarly 
(Schaffer). 

On aceount of their content in mucin the drop- 
lets adhere closely to solid surfaces, where they 
soon dry and become harmless unless they are 
dislodged by some violence. 

When contained in such dry droplets the tu- 
bercle bacillus lives for about three days in the 
light and eighteen days in the dark. Most other 
organisms, except the spore-bearing and those caus- 


—— 
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ing biel ‘of the contagious exanthemata, die more 
quick! 

‘The conditions for droplet infection, then, are, 
in the main, as follows: First, the micro-organ- 
isms must be discharged into the air, in viable 
and virulent condition, and in sufficient quantity, 
from the respiratory passages of the patient. Sec- 
ond, they must be able to retain life and virulence 
for a greater or Ices period of time, after 
being liberuted in this way. Third, they must be 
able to use some portion of the respiratory tract, 
or the gnstro-intestinal tract indirectly from the 
respiratory tract, as an infection atrium. Fourth, 
the advent of a susceptible person within the zone 
of infected atmoxphere which surrounds the pa- 
tient during the period of viability and virulence 
of the excreted organisms. 

Tn general the same principles also apply to dust 
infection 20 far as it concerns the ordinary “air 
borne” diseases. 

The question is commonly raised as to which 
ig the more important, or more prevalent, duet in 
fection or droplet infection. Although it ix the 
tendency at present to assign a minor réle to duet 
infection, it unquestionably ie of importance in 
certain diseases, particularly in tuberculosis. The 
situation may be conceived to be os follows: In 
felation to disenses caused by micro-organisms 
which have little resistance to desiccation and 
light (e.g.., plague, influenza), droplet infection, 
implying proximity to the pationt, is more likely 
to oceur than dust infection (as in occupying a 
toom ¥aeated by n patient a longer or shorter pe- 
Tiod previously). Concerning those enused by or- 
ganiems which have greater resistance to desicca- 
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tion and light, as in tuberculosis, the im 
of dust infection approximates, though it may not 
equal, that of droplet infection. 
Just as the air is the principal medium of con- 
veyance for the group of diseases discussed 
so contaminated water plays mn important, but not 
the sole, part in the transmission of another group. 
‘Typhoid and paratyphoid fever, cholera and bacil- 
lary dysentery are the chief representatives. 
Epidemics which arise in this way are frequently 
spoken of ns “water-borne” epidemics, Sometimes 
typhoid and cholera are called “water-borne” dis- 
cases, but epidemics are so often instituted and 
maintained by various kinds of indirect contact 
that the appellation is one-sided. 


conattions. — Throe essential conditions are required in order 


that a disease may be more or less habitually 
tranamitted through water: First, the discharge 
of the organisms from the body of the patient in 
such form that they may reach a water supply, 
Second, the ability of the organieme either to live 
for a moderate Jength of time in the water, or to 
proliferate in it, without losing virulence. Third, 
the utilization of the gastro-intestinal tract, the 
upper respiratory tract, or the lungs indirectly 
from the latter, as an atrium of infection, 

‘The first condition is readily realized in the dis- 
easee mentioned, inasmuch as the micro-organisms 
are discharged in large numbers with the feces, 
and also, in the case of typhoid nnd paratyphoid, 
with the urine. 





Sources of All types of water supplies may be contaminated 


Contam! 





. by these excretions. When the water of a com- 
munity is taken from a stream the latter may be 
infected by the sewage of another community 
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higier up the stream, or by the discharges of even 
a single patient. The throwing of typhoid dis- 
charges on the bank of a stream hag resulted in 
severe epidemics, Reservoirs may be infected sim- 
ilarly. In some instances a city which derives its 
water from an inland lake aleo emptice its sewere 
into the same body of water, ven when the sew- 
age outlet is quite remote from the water intake, 
eurface currents, as cnueed by the wind, may carry 
water, and hence infection, from the former to the 
latter. In harbors the water may become infected 
from the sewage of a ship which carries a ease of 
cholera. ‘Streams have been contaminated by 
washing in them the soiled linen of patients. When 
exertions are thrown on the ground the micro- 
organisms have been carried into wells by surface 
water from which small epidemics have arisen, 
‘The very occurrence of water-borne epidemics 
indicates that the micro-organisms concerned live 
for a longer or shorter period of time in ordinary 
waters, Various factors influence their longevity 
fn water, and their persistence at the point of first 
contamination, Purer waters are not 20 favorable 
for the life of the organisms of typhoid and chol- 
era as those which contain a certain amount of or- 
ganic matter and salts. On the other hand, an ex- 
‘cess of organic matter when accompanied by many 
saprophytic organisms also shortens the life of 
bacterin, particularly when in stagnant 
water; and this principle is utilized for purifica- 
tion of sewage in those avatems which involve the 
tse of sewage tanks, A rapidly flowing stream 
naturally results in purification more quickly than 
one which is sluggish. 
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Data regarding the longevity of these 
in water and milk are given in the on 
cholera and typhoid. 

“Water-borne” epidemics are characteristic in 
this, thet very many individuals are stricken sud- 
denly and simultaneously and the outbreak ix, at 
first, limited to those who are supplied by the in- 
fected water. “Contact” epidemics, on the other 
hand, progress slowly and irregularly, although 
they may finally reach large proportions. Nat- 
urally an epidemic begun by contaminated water 
may be maintained by contact, and continuance by 
contact again offers opportunity for the fresh in- 
fection of water, milk and food. The viability of 
micro-organisms in the excreta, after the discharge 
of the latter, is important, both from the stand- 
point of water infection and that which occurs 
by indirect contact. Uffelmann determined that 
typhoid bacilli may live in the dejecta for many 
months, and, at least under eome conditions, the 
cholera vibrics in the feces is viable for two or 
three weeks (Lubarech), 

As stated previously, diseases which are peculiar 
to man may be distributed by milk which has been 
contaminated by convalescents (as in scarlet fever) 
or by “carriers,” or by some others indirectly from 
these, or by infected water used in washing con- 
tainers, Epidemics caused by infected milk are, 
in miniature, similar to those arising from a con- 
taminated water supply, their distribution coin- 
ciding with the area of consumption of the milk, 

Other food substances act as carrying agonts 
only when they become infected accidentally, as by 
flies, waehing in contaminated water, or by con- 
valoscents and “carriers.” 
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‘Transmission by direct and indirect contact are 
somewhat in contrast. In the former actual per- 
sonal contact takes place between the sick and 
healthy, eayecen stated, and as illustrated by 
gonorrhea and jilis.* Probably many of the 
infections which are conveyed through the air may 
also be acquired by direct cantact. Howovor, a 
distinction in this case has no significance, since 
actual contact without exposure to air infection 
could hardly occur, 

‘Tndirect contact, on the other hand, implies 
transmission through the agency of an interme- 
diate pests or objoct, Speaking strictly, convey- 
‘ance from person to person, through the air, water, 
or even by insects, comes within the domain of in- 
direct contact, yet their methods are so specialized, 
£0 obtrusive and 60 constantly utilized by certain 
groups of micro-organisma that they doserve tho 
separate consideration usually given them. The 
tenilency is a correct one to withdraw from the 
domain of indirect contact any mothod of trans- 
mission which can be spoken of more concretely. 

One could not hope to mention all of the possi- 
ble channels through which an infection may be 
carried indirectly. There are great variations in 
Getails, “Carrying a dixense in one's clothing” 
from place to place; the use of the toys of a diph- 
theritic child; washing or handling the linen of a 
cholera, typhoid or dysentery patient; occupying a 
foom formerly used by a patient having scarlet 
fever or tuberculosis; the occasional transfer of 
‘syphilis by the drinking-cup or the dentist’s for- 

ie occur in pacien to syphilis, as in the oc 


a cups and Instromente: 
hereditary syphilis may be considered ax a special case 
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of convevanee by indirect contact. 

‘Aa some of them show, dikeases which 

bitually transmitted through the air (scarlet 
or by water (typhoid, cholera) may also be 
ferred by indirect contact, 
Tn the strict zoological sense no form of tn 
mission of an infection from parent to o! 
can be viewed as truly hereditary, since inheritance 
concerns only properties which are inherent in the 
germ cells and their chromatin. Micro-organisms 
are foreign and their introduction in the germ 
celle from the parent can only be considered as 
accidental. Tt is, then, only for the sake of con- f 
venience and for lack of a more exact term that j 
the inheritance of infections is spoken of. This 
distinction has been strongly emphasized by Han- 
sen (Vireh. Arch., Vol, 120) and by Lubarsch 
(Ibid., Vol. 124). Some of the metabolic diseases 
and fanetional derangements, on the other hand, 
may be truly inherited, or, perhaps better, a ten- 
dency or predisposition to them may be inherited. 
Also, it ia very probable that susceptibility, or, on 
the other hand, resistance to some particular infec= 
tion, may be inherited, thus accounting for the _ 
frequent or rare occurrence of some infections in 
a given family. 

When disease of the offspring can be referred to 
a primary invasion of the germ cells (ovum or 
sperm cells) by micro-organisms it is said to have 
originated by “germ cell infection.” It is not 
















definitely known that this type of hereditary trans. 
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mission takes place in man, and the likelihood of 
its oceurrence could be proved only by finding the 
micro-organisms actually within the ovum of 
eperm cell. 

Definite examples of this type of transmission 
are found in insect life, particularly among ticks. 
‘The piroplasmas of Texas fever and of Rhodesian 
fever of cattle, the spirillum of South African 
tick fever of man, and the virus of Rocky Moun- 
tain spotted fever nro all transmitted to the lar- 
ww of the next generation through infection of 
the ova of the corresponding ticks. 

Since it does occur in other forms of life, it 
would not be surprising if it also occurs in man. 
In that form of inherited syphilis in which tho 
child derives the infection from the father, the 
mother apparently remaining uninfected, the virus 
may have been introduced into the ovum by means 
of an infected sperm cell. Even in this case, how- 
‘ever, it is virtually impossible to rule out the exiz- 
fence of a latent infection of the mother. And if 
such infection docs exist, the spirochetes may have 
reached the embryo by way of the placenta, in- 
stead of through the ovum. Possibly the recently 
Giseovered teat for syphilis (fixation of comple- 
ment) will throw some light on this phase of in- 
herited syphilis, since it renders possible the diag- 
nosis of the disease in the mother regardless of 
positive clinical manifestations. 

‘Tt is oqually, or perhaps more, uncertain as to 
whether tuberculosis is ever inherited through in- 
fection of the germ cells, Tubercle bacilli hare 
been found in the testieular secretion in both man 
and animals. Tn such cases the tuberculosis is of 
an ndyanced type, resulting in early death. Even 
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estimated the numerical relation pests 4 
the spermatozoa as one to 22.7 million, hence oe « 
imprognating cell would very likely be an | : 
fected one. 

It has sometimes been assumed that leprosy 
be tranamitted in this oe 
evidence in support of it. 

Infection of the embryo, from the mother, by 

way of the placenta, has been demonstrated 
mentally, and encountered clinically, wu: 
Opinions differ as to whether actual involvement 
. @, infection or defects—of the placenta is 
prerequisite to the passage of micro-organisms 
from the mother to the embryo. 

M. Wolif, on the basis of experimental work with 
the anthrax bacillus, concluded that the uninjured 
placenta ie an effective barrier sgainst euch o 
transfer. It was supposed, however, that injuries 
of the placenta which resulted in bleeding, thus 
establishing a temporary connection between the 
circulations of the mother and fetus, as well as 
other lesions metastatic in character, could well 
result in infection of the embryo. Many others 
algo, on the basis of experimental work and the 
study of human material, concluded that there 
must be recognizable lesions of the placenta to 
permit transfer from mother to child. The bacil- 
lus of chicken cholera, 2 member of the hemor- 
rhagic septicemia group of organisms, causes hem- 
orrhages in the placenta in animals and ia trans- 
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mitted to the embryo (Malvoz). Tuberculosis oc- 
casionally, and syphilis very often, attack tho pla- 

in man. Tu a number of instances fetuses 
hare been born with the eruption of smallpox 
derived from the mother and the transfer of ty- 
phoid bacilli through the placenta has been ob- 
served occasionally, Similar transmission in man 
has been noted in relation to anthrax, pneumonia, 
recurrent fever, and infections with the pyogenic 
cocel. ;, due either to infection or intox- 
ication, may occur during most of the acute fe- 
brile infections. 


Contrary to the view expressed above, Baum- 
garten, Birch-Hirschfeld, Lubarsch and many 
others conceived that a pre-existing injury of the 
placenta is not essential for transfer; that the 
micro-organisms, especially when present in the 
blood in considerable numbers, as in anthrax, may 
“grow through” the placental vessels in the absence 
of, and without causing, anatomical lesions. 

It is extremely probable that both views are cor- 
tect, but perhaps in relation to different types of 
‘ganiems, It has been demonstrated many 
times. clinically and experimentally, that tubercle 
bacilli will pass through the intestinal mucosa into 
the adjacent lymphatics without causing lesions 
of the mucosa, although the conditions are not 
‘identical in the two structures (migration of wan. 
dering cells through intestinal wall!), the oceur- 
ool in one suggests its possibility in the other. 

‘However, the existence of the phenomenon is eo 
‘thoroughly established as to render the exact mech- 
‘aniem 4 more or loss eccondary matter. 


Tt is an important thoory of Baumgarten’s that Latent 
tuberele bacilli which are acquired during fetal Inecction.” 







oe tah remain latent until pub 
the unusual resistance which is | 
ae. pid growth has subsided, the bacilli 
tiply and tuberculosis manifests itself. He 
pores also that an intermediate generation may, 
without showing tuberculosis itself, transmit tie 
disease to the next generation (Ueberspringung vow 
Generationen). This would scem to presuppoee 
the occurrence of germ-cell infection, but 
not necessarily so, As having a possible bearing 
on Baumgarten’s hypothesis, it has been found by 
Harbitz, by Wecheelbaum and others that tubercle 
bacilli, partienlarly in children, may exist in the 
lymph glands without causing anatomical changes. 
'Thia view has several strong supporters. and it 
ig thought that the bacilli may remain latent in 
any portion of the body. ‘That hereditary syph- 
ilis may remain latent for many years is well 
known. 

On the other hand, it is more generally believe 
that tuberculosis in most instances is a postnatal 
acquisition (Koch, Cornet and others) and ra- 
tional prophylaxis naturally must be based on this 
conception. Extensive involvement of the liver 
and periportal lymph glands is characteristic of 
the placental transmission of tuberculosis, The be- 
lief is occasionally expressed that leprosy may be 
inherited, possibly through placental transmission, 
but, in view of the non-susceptibility of animals 
and failure to cultivate the bacillus, the question 
cannot be taken up experimentally, The possibil- 
ity of infection of the embryo directly from the 
father during coitus is discussed, but there is no 
Gefinite proof of its occurrence. 
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It is conceivable that micro-organisms may pass 
from the mother to the child by way of the blood 
through the placenta at the inception of labor dur- 
ing an early stage of separation of the placenta 
from the uterine wall. 

Infection of a child, as with gonorrheal ophthal- 
mia, during delivery is not regarded as an ex- 
ample of “inheritance” of disease. It is an extra- 
uterine process, a congenital infection. 


SOURCES OF PATHOGENIC 
(Coneluded.) 


(6) Dissemination and Transmission by 1 
A. Dissemination. 


note of ‘The demonstration that insects a rile” 
Jeneot™ in tho transmission and soainban nie fis et ‘ 
dates from the work of Smith and Kilbourne, — 
Which disclosed the relation of the tick (Margaro- \ 
pus annulatus) to Texas fever in cattle. a 
Insects may act simply as disseminators of 
virus, or as the agents of actual inoculation . 
through their bites—i. e, ax transmitters. Tt is 
important to keep this distinction in mind. 
Bioloxic nnd In their réle as pure disseminators they 
steele carry micro-organieme from one point to Sone 
on their feet, mouth parts, or in their intestinal 
> contents; or, they may act as temporary hosts, the 
microbes proliferating in their intestinal tract and 
subsequently being deposited with the feces, in in- 
creased numbers, at some new point. The first is 
pure mechanical dissemination, whereas in the sec- 
ond a biologic factor enters, that of proliferation, 
and it may be spoken of as biological dissemina- 
tion. For example, when flies carry typhoid bacilli 
or cholera vibrios from feces to food, on their feet 
or mouth parts, or tubercle bacilli from sputum to 
food or other objects, this is, of course, a purely 
mechanical process. It would be complicated by 
the biological feature, however, in case the or- 
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ganieme, after ingestion by the fly, then multi- 
plied, and were deposited in larger numbers in 
hee It is, indeed, a diffieult point to deter- 

mine whether or not proliferation of these micro- 
‘organisms actually takes place in the intestines of 
the fly, Observations by Spillman and Hauehalter, 
Hofmann, Celli, Hayward, Lord and others have 


but do not actually prove, that the bacilli 
the intestines. It has been demon- 
times, by inoculation into guinen- 
I in. the fly-specks are virulent. 
specks dry quickly and there is little danger 
part in | dust infection un- 
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a few days. On the othor hand, there may 
a real danger from the deposition of the speck= 
on food (Lord), which suggests a point in pro- 
phylaxis, 

Similar questions are raised ulso in the relation 
of the fiy to typhoid, cholera, dysentery and plague, 
The of the fly in the mechanical dis- 
semination of typhoid bacilli, resulting in exten- 
sion of epidemics, is now well established, as illus 
foes by the observations of Alice Hamilton, and 

the inquiry into the prevalence of typhoid fever 

in the American troops during the Spanish-Amer- 
‘ican war, ‘The conditions are similar in relation 
to cholera. Concerning dysentery it is considered 
ile that flies ara a factor in distribution, al- 

the point has not been positively demon- 

Tt is uncertain whether the organisms of 
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typhoid and cholera proliferate in the intastinee of 
the fly. Tt seems not unlikely in the 


phoid, inasmuch as Ficker* found them in tl 
twenty-three days after a feed on the bacilli. 
zuki® cultivated cholera vibrios from flies 
were taken in the dwellings of patients. . 

It seems probable that flies, in some instances, 
may distribute plague bacilli after they have them- 
selves become infected by feeding on the 
of pneumonic patients or on the cadavers of rats 
dead of the disease, Yersin* found plague bacilli 
in flies dying in a laboratory in which plague was 
being studied, and in Nuttall’s" experiments they 
became infected by feeding on diseased organs. 

o ‘The flea, on the other hand, appears to act both 

* aa a disseminator and as a transmitter of plague. 
The human flea, at least two species of rat fleas, 
and the flea of the dog and cat readily become i 
fected by feeding on rate during the stage of eepti- 
cetia in the latter, the bacilli multiply for a few 
days in their stomach and intestines, and are ex- 
creted in large numbers in their feces. They are 
able to communicate the disease to other animals 
by biting for at least three days after their infee- 
tion, but in a short time the bacilli disappear from 
their alimentary tract and they lose the power of 
transmission, The organisms, which are excreted 
in their feces, are virulent, and are able to produce 
infection through very small abrasions and 
through the minute wounds made by the bites of 
these insects, The deposition of bacilli in the feces 
of the flea on the skin of a person is a question 
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‘of dissemination, whereas the injection of the or- 
genisme through the proboscis is one of inocula- 
tion. The flea appears not to undergo a gen- 
eralized infection with the plague bacillus. 

Tt is possible that rats may become infected 
with plague also by the eating of fleas which con- 
tain bacilli, although this has not yet been demon- 
strated. Experimentally the disease has been pro- 
duced in rats by feeding them infected tissues or 
eultures. 

Verjhitski also found that the bedbug behaves in 
manner exactly similar to the flea in the case of 
pl Tn actual epidemics, however, it seems 
probable that this insect would be concerned only 
in the trangmission of the disease from man to 
man, and not from rat to man. 

With the exception of the last paragraph the 
above concerns the mere dissemination of micro- 
organisms by insects. Ax noted, the disenses con- 
cerned are bacterial in nature rather than proto- 
zoan. Pathogenic protozoa may be excreted by in- 
sects, but, if 60, the event appears to be without 
practical significance, either because the organisms 
are not viable when excreted, or are not in a stage 
of development to render them infective, or, what 
is more probable, that they find no infectiow 
atrium when in this condition. Those protozow 
which aro transmitted by inseota usually require 
actual inoculation in order that they mny cause 


B. Transmission 
Our knowledge is by no means complete on 
the subject of insect transmission, as a whole, al- 
thongh the ostential facts have been worked out 
in & number of instances, as in Texas fever, some 
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other piroplasmoses, and in malaria. In some 

stances it is the micro-organism which is unknown — 

(yellow fever, dengu others the question ee 

inheritance in the ineect (1 

others the relation of the insect and the disenve 5 

hosts other than man, ete. 

Diseases which are transmitted habitually, or 

» mainly, by insects sometimes possess rather dis- 

tinctive epidemiologic features, Malaria in 

swampy regions in which certain species of Ano- 

pheles abound, The distribution of yellow fever, 

and indeed of all the insect-borne diseasos, coin- 

cides with that of the insects which are concerned 
in the distribution, In the temperate and ei 
ical countries such diseases tend to prevail in the 
warmer months and to disappear on the advent 
of frost or cooler weather, an event which is cor- 
related with the activity or inactivity of the insects 
during these seasons, The Indian plague commis- 
sion finds that an epidemic wanes when the mean 
daily temperature is below 60° F., presumably be- 
eause the flea does not become infected so readily 
under this condition : the rats die before the ee 
of intense septicemia, and without the latter the 
flea is less likely to become infected. The flea 
may also be less likely to feed generously in the 
cooler weather. Algo it was found that a mean 
daily temperature of 85°-90° F. coincides with the 
decadence of an epidemic, and in harmony with 
this it appears that the flea remains infective for 
a much shorter time at this temperature. When 
virtually all the rats of a locality have either 
been killed by plague, or have recovered from it, 
those which remain are for the most part 
immune, and the conditions for a recrudescence 
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of an epidemic will not be ripe until a new gen- 
eration of rats has been bred. The immune 
rats do not harbor plague bacilli, and hence 
fleas. Mountain spotted 
in the months of spring. At 
which acts as transmitter is in 
readily feeds on man as well as 
other animals. The larval and nymphal stages 
appear at other seasons, and, although their bites 
are infective, they rarely feed on man, either from 
Jack of opportunity or because of a preference for 
other hosts during these stages. The observation 
of Carter, that when yellow fever patients are first 
- imported into 2 new district a definite period 
(two to three weeks) elapses before new cases de- 
velop, suggested come novel mode of transmiseion, 
which eventually was proved true when Reed, Car- 
rol and Agramonte proved by experimentation the 
correctness of the mosquito theory of Carlos Fin- 
Tay and worked out the details of transmission. 
For zome time it was supposed that insects 
transmit only those diseases which are caused by 
protozoan organisms. This impression arose from 
the fact that the first examples of definitely proved 
insect transmission concerned protozoan diseases, 
as Texns fever (a piroplasmosis) of cattle, malaria 
of man and birds, and more recently the try- 
panosomatic diseases. It is only since the rela- 
tionship of the flea to plague, of the tick to the 
South African tick fever of man, and of other 
mites to spirillosex of animals that the importance 
of insects in transmitting bacterial diseases has 
been recognized. 
Tt is an interesting fact that contagiousness is 
sometimes simulated in a disease which is trans- 
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mitted only by insects. Thus, for many 

low fever was held to be so contagious: 

only direct transfer from person to p 

admitted, but also through various indirect 

as by fomites. Typhus fever has often been ‘Sted 

as the most contagions of all infections, bist es 

em studies point rather strongly to an exclusive 

insect transmission (perhaps fleas or ms). 

‘The conditions in plague seem to be 

more complex, in that both ingcet transmission 

(fleas) und contagiousness prevail, the latter com- 

ing into play in the pneumonic form of the dis- 

ease. Dengue, which spreade like wild fire, pos- 

sibly is transmitted only by the bites of certain 
itoce. 


Tn some instances the role of the inseet is an ob- 
ligate one—i, ¢., transmission can occur in no other 
way than by its bite. This is pre-eminently true 
of malaria, which, virtually, is incapable of trans- 
mission from person to person even when malarial 
blood ie injected into a healthy person. The par- 
asite when it leaves the body becomes infective for 
man again only after it has completed a sexual 
development in the mosquito. In some instances 
infection may be carried from person to person 
or animal to animal by the injection of diseased 
blood, yet under natural conditions the role of the 
insect is an obligate one (yellow fever, sleeping 
sickness, Rocky Mountain spotted fever). The 
flea in plagde transmission is an example of a 
facultative réle, since, as stated, this insect is not 
the only natural means by which the disease is 
conveyed from person tn person. 

Tnsects which carry and transmit infections nat- 
urally must haye some source from which they 
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derive the micro-organisms. Commonly, the trans- 
‘mission occurs only between different members of 
the same species: the insect obtains the virus from 

_ one individual and inoculates it into another. In 
so far ax is known, man alone suffers from yellow 
fever, and the human type of malaria, and he 
constitutes the only source of infection for the 
mosquitoes which are concerned in the mainte- 
mance of those diseases. The same conditions ap- 
pear to prevail regarding piroplasmosia in eattle 
(Texas fever) and in other animals, and also in 
the South African tick fever of man (a spirillosis), 
disenses in which ticks are transmitters. Pre- 
sumably this ia also true of some other insect- 
borne diseases among animals, as the spirillosis of 
fowls and geese. 

Tn 2ome other instances the existence of a third 
host has been demonstrated. Man is an important 
surce of infection for the flies which carry sleep- 
ing-sickness, bnt the evidence is strong that some 
of the native animals of Africa also harbor the 

@ concerned and that tsetse flies be- 
‘come infected from them as well as from man, Tn 
Mountain spotted fever man is virtually a 
negligible factor for the infection of the ticke. 
‘The circumstances indicate that one or more spe 
cies of small, wild animals, of demonstrated sus- 
ceptibility, are the means of keeping the diseases 
alive in the ticks. If appears to play back and 
forth from tick to animal, and it is only occa- 
sionally that an infected tick becomes attached to 
man. Fleas probably derive the micro-organisms 
‘of plague from rats, in large measure, but experi- 
ments also show that they may become infected 
from man. 





intestinal tract of man, Even in sits cage, eae 
ever, we must assume either some extraneous 
source for the organisms or that they are inherited 
from the preceding generation of insects, ‘The lat- 
ter, indeed, is a method of acquisition which has 
been shown to occur in ticke, in relation to the 
Texas fever of cattle, and the South African tick 
fever, and Rocky Mountain spotted fever of man. 
The egus of infected females contain the res} 
micro-organisms and the larve which hatch from 
thom are infective, 

‘The factors which enable an insect-borne disease 
= to be maintained from year to year vary a good 
deal in different cases, Chronicity, in either the 
animal or insect host, or in both; inheritance of 
the disease in the ingect, and a rapid alternation 
of the infection between the insect on the one hand 
and the animal host on the other—these seem to 
be the important conditions which have a bearing 
on maintenance in one disease or another, and all 
of them assure a more or less conatant source for 
the fresh infection of the carriers. 

‘Texas fever of cattle and other piroplasmatic 
infections, malarin, and sleeping-sickness are 
ehronie infections in both the animal and insect 
hosts. Ench exists as a more or less protracted ’ 
source of infection for the other. In addition, 

‘Texas fever, and some other piroplasmoses, are 
hereditary infections in the tick-earriers, and in 
this way infection is readily kept alive from one 
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season to the next. It is not yet known whether 
is inherited in the tsetse fly. Ma~ 
laria is not so transmitted in the mosquito. 

‘There may be varying grades of chronicity in 
both the animal and insect hosts. Thue South Af- 
rican tick fever of man (a spirillosis) is semi- 
chronic, consisting of several recurrences followed 
by recovery, and it ia probable that the tick may 
acquire the disease from the patient during any 
one of the recurrences. In the tick, however, the 
disease is chronic and ‘hereditary. 

Tn these casos the method of maintenance is 
clear, and in the presence of a sufficient number 
of insects the conditions are favorable for a 
thorough infection of the inhabitants. Thus it is 
that in many tropical districts there are none who 
do not fall victims to malaria sooner or later. 

In Rocky Mountain spotted fever we have an 
example of a condition in which the disease is 
acute in the various animal hosts, including man, 
but chronic in the carrier, the tick. In order that 
fresh ticks may acquire the disease it is necessary 
for them to feed on a susceptible animal in com: 
poy with infected ticks, or shortly following n 
feed hy the latter. Since several hundred larve 
or nymphe may be found on one of these animals 
at the same time, it is readily seen how this may 
be accomplished, While certain of the emal! ani 
mals (gronnd-squirre!, ground-hog, rock-squirrel, 
and perhaps others) are in hibernation the 
virus still lives in the eggs, larve and nymphs; 
and when the animals “come out” in the spring 
terlain of them become infected through the bites 
of the lary: or nymphs and then are in condition 
to infect fresh ticks. Hence the disease is kept 
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ae 
alive through inheritance in the 
months of winter, and at other times 
alternation from tick to animal and animal 
Man plays little or no réle in it maintenance, and 
his oceasional infection through the tick bite n 
be regarded, in a sense, as an unessential 

Yellow fever, again, illustrates the condition of 
an acute infection in the animal host (man) and 
a chronic in the insect (Steyomyia calopus). 
Like Rocky Mountain spotted fever, the virus 
yellow fever is tranemitted in a hereditary man- 
ner to the next generation of mosquitoes (Mar- 
choux and Simond) in some instances at least. 
Piagwe. __ The conditions in plague are peculiar in that the 
disease runs an acute course in both the animal 
hosts (rats and man) and in the insect trans- 
mitter (flea). Rats do indeed suffer from chronie 
plague in some instances, but this is not a septi- 
cemic¢ condition, hence it affords little or no oppor- 
tunity for the infection of fleas, 

Tt may be questioned whether the presence of 
Plague li in the stomach and intestines of the 

flea constitutes a true infection, but it seems justi- 
fiable to take this view of the condition, sinee the 
bacilli apparently proliferate in this locality for a 
few days at least (Verjhitski). Verjbitski found 
that fleas will transmit plague for three days after 
their infection, the Indian plague commission for 
from cight to twenty-one days depending on the 
temperature at which the insects had been kept— 
for twenty-one days at 75°-80° F., for eight days 

0. ‘The British commlaston 

coastal in proving this heredtt 
attempt had fatied tn the of Reed, Carrol and Agea- 


monte, and of Rosena rger, Possibly tt occurs Iw 
‘Only amnall percentage et oes. 
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at 90° PF, These findings also correspond with the 
examination of the intestinal and 
stomach contents. Verjbitski’s work in relation 
to the bedbug and plague waa referred to above. 
Although plague is acute in both the animal 
and insect hosts, maintenance is facilitated 
through the large numbers of both hosts which 
are present in plague centers. The conditions 
render possible a more or less permanent source 
of infection for the fleas through the continued 
infection of fresh rats. The possibility also exists 
the chronic nodular plague of rats may be 
10 itions, accompanied by septi- 
comic infection, a condition which would afford 
opportunity for the further infection of fleas. Tt 


that region, u (peal which may. have silat 
epidemiologic importance for the United States. 
Tnheritance in the insect has been mentioned as 
a factor in the maintenance of Texas fever, Af- 
rican tick fever of man, yellow fever and Rocky 
fever. Schaudinn also found 
that the mosquitoes which carry Trypanosoma noc- 
tue (the “halteridium” of the stone owl) pass the 
ieme to the next generation through 
the eggs. In Texas fever this appears virtually to 
be the sine qua non for maintenance in view of the 
peculiar habit of the tick of going through its vari- 
ous stages of development on the host to which 
tho larvae first become attached.’ In order to make 
T. Most ticks tell io trea sctive stages in. thelr 
Sevelopment, |The fresh! ind impregnated female, 
A ae ea 
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this point clear, let us assume 

not hereditary in the tick. 

become attached to an 

acquire the disease from 

play no part in the infection 

do not abandon thie host until they 

the adult stage and the females 
Immunity. lay eggs. The latter then drop ant 
and, in accordance with our assum) 
which emerge would not have the 
ing further animals. 
be a factor in maintenance only in the 
infected individuals should through accident: 
come dislodged from one host and subsequent 
become attached to a susceptible animal. 
may oceur in some instances. 
East_coast The conditions are different in the case of 

Fever: another piroplasmosis of cattle, namely, 

Rhodesian or East Const fever, which occurs in 
Africa. In this case, as determined by 
and by ‘Theiler, the brood from an infected female 
is not infective, but Inrvw, when fed on diseased 
blood, are infective after reaching the nymphal 
stage, and, likewise, when infected as nymphs the 
adults have the power of transmission (Rhipi- 
cophains appendiculatus). This is known as stage- 
to-stage infection, and is important in this in- 
stance, inasmuch as the larva and nymphs leave 
the hosts to molt. Following the molt they fre- 


i 








: 

eines 
Escp 
ie 






per 








st 















oon become attached to hosts, ‘Then they feod, paws into a 
Gulescont stage, and Ieaving a white ppear as Staged 
leo feod, for a period, and 
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mitting Texae fover, both malts occur on the host. 

quently, however, other pecles leave the host to molt. From 
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quently reach susceptible hozts, and thue keep the 
disease alive. Koch, in dealing with 
another ae ‘of tick (Rhtpicephalus decolora- 
tus), found that hereditary transmission of 
Rhodesian fever does oceur. 
of the dog presents still another 
condition in regard to inhoritance in 
Neither the larve nor the nymphs of 
female are able to produce the disease, 
they reach the adult stage they become 
Tt has been assumed that the period 
the egg and the adult stage is required by 
ism for the completion of ite sex- 
Intion, the latter being necessary before it 
ee became infective* ‘This tick also leaves 
molt, hence the adults are able to infect 
and from the latter fresh ticks may 
become infected. The disease is frequently 
dog as well as in the tick. Motas 
tick Rhipicephalus bursa, behaves 
way in the transmission of piroplas- 
of sheep. In this instance the tick remains 
on the host for the first molt, but leaves it for the 
second. An infected brood is able to transmit the 
disease only after it reaches the adult stage. 
Christophers has reported still another variation 
‘im tho inheritance of piroplasmas, in the case of 
te canis in Indie. The tick concerned in 
his it was Rhipicephalus sanguineus, which 
jaata ts bows for both molts. The larve of an 
Unfeeted brood are not virulent, but become so 
‘when they reach the nymphal and adult stages, 
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aequire the disease by 
and transmit it by bitlog when they reach the « 
sequent stage, Hence both hereditary infection 
and stage to stage infection occur in this case. 

Tt is questionable whether any disease ce 
maintained in an insect indefinitely 


tion of ticks (Ornithodoros mounee}s% neither a 
second nor third 






spotted 
fever not more than 50 per cent, of the infected 
females transmit the infection to their offspring, 
hence maintenance through inheritance alone is 
considered as impossible, 
Certain considerations relative to the course of 
infection in insects, the incubation period which 
may intervene between the moment of their inocu- 
lation and the appearance of infectivity, and, in 
addition, the duration of their infectivity, are of 
interest and importance. These points may be 
discuesed briefly and only in a general way, 
Innocuous- It ie striking that diseaees which are trans- 
‘cane ‘Germs mitted by insects appear to have little pathogenic 
Ye Inset influence on the insects themselves. The malarial 
plasmodia penetrate the wall of the stomach, reach 
the body cavity and eventually the salivary glands, 
and this, it would seem, without compromising 
seriously the health of the mosquito. The flea 
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harbors in ite alimentary tract for several days 
or weeks the most virulent plague bacilli, but 
eventually they are cleared away, In those in- 


itary 
a: in piroplasmosis, South African tick fever, and 
Hocky Mountain spotted fever, the eggs may con- 


stages into the adult form, still retaining the viru- 
lent micro-organisms in their organs and cells, It 
is probably by virtue of this bland relationship 
that insects are able to figure as the carriers of 
infection. If the latter were more virulent for 
the insect hosts it is fair to assume that their 
death in large numbers would minimize their réle 
as inoculators of other animals. 
In the case of the flea and plague, the insect 
is infective immediately or soon after it has in- 
blood, but the period of infectivity is lim- 
ited to a few days (Verjbitski) or at the most a 
few weeks (the Indian Plague Commission). This 
has been referred to above as acute infection of 
tho insect. Mechanical transmisssion is a term 
which has been used to signify the pure mechan- 
ical conveyance of micro-organisms by an insect 
from a diseased to a healthy animal. The réle of 
the flea in carrying plaguo may be simply a me- 
chanical one, particularly when it transfers the 
disence immediately after its infection. But, inas- 
much as proliferation of the bacillus seems to 
occur in the flea, and since his infectivity may last 
for three weeks or more, proliferation may be re- 
poe for the later infoctivity. In this event 
transmission depends on biological as well as 
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mechanical factors, ‘Transmission of this type 
probably demands a high degree of virulence and — 
infectivity on the part of the micro-organisms, 
necessitating the introduction only of very small 
numbers. One of the conclusions i Verjbitski ix 
that “animals could not be infected by the bites of 
fleas and bug which had been infected by animals 
whose own infection had been occasioned by a cul- 
ture of small virulence, notwithstanding the fact 
that the insects may be found to contain abundant 
plague microbes,7!° 

Another condition is represented in Rocky 
Mountain spotted fever, in which the insects are 
infective not only immediately or soon after suck- 
ing diseased blood, but also for an indefinite sub- 
sequent period. In this instance the tick under- 
goes generalized infection, as previously men= 
tioned. It is possible that the conveyance which 
takes place immediately after infection is of the 
mechanical type, but this cannot be true of the 
later transmissions, nor of those by the members 
of the following generation. In the latter we have 
to do with biological transmission, which in these 
two cases depends on proliferation of the micro- 
organisms and a general invasion of the tissues of 
the insect The term “biological transmission 
was originally applied to those cases in which the 
micro-organisms (protozoan) undergo a compli- 
cated sexual cycle of development in the insect, as 
in malaria, but the principle remains the same 
with the bacterial diseases, although the method 
of proliferation is a simple one, consisting merely 
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‘When the mosquitoes of malaria and yellow 
ferer suck diseased blood a definite incubation 
period must elapse before they are able to convey 
infection to other individuals by their bites. Fol- 
lowing the ingestion of malarial blood by the mos- 
quito (various species of Anopheles), the parasite 
undergoes a sexual type of proliferation in the in- 

stomach, the product of which, the sickle- 

shaped bodies, reach the salivary glands only after 
ight or ten days. These are the pathogenic forms 
the parasite which aro inoculated into man by 
mosquito. In the intermediate stages of this 
the parasite is not infective. The mosquito 
}) which transmits yellow fever ix not 
until at least twelve days after it has 
diseased blood. And it now appears also 
imilar incubation period occurs in the 
fly in its réle as the carrier of sleeping-sick- 
nese. After the insecte are once infected, however, 
they continue virulent for a long time. Hence a 
primary non-infective stage is succeeded by a pro- 
infective stage in this type of transmission. 

the basis of the conditions in malaria the 
temptation hae been a strong one to conclude that 
@ primary non-infective stage—ineubation period 
—in the insect carrier is indicative of a sexual 
Kitod in the development of the parasite; hence 
of the protozoan character of the parasite. 

it is anticipated in many quarters that the 
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is 
of yellow fever, at prosent un- 
Known, will prove to be a protozoan, because of 
the incubation period in the mosquito, mentioned 
above. Novy, however, haa very aptly pointed ont 
that an incubation period in the insect might well 
dceur in the cass of a bacterin] disease as well ax 


Berlod tn” 


Tusects, 


a Sioee Holes of the organisms i 
‘the infected blood reach the 


number remain in the proboscis. 
feeds at once, or soon, on another (healthy) 
mal the number of micro-organisms injected from 


tion to result in an infective quantity, either in 
the proboscis, stomach, intestines, or by contiguous 
oxtongion, in the salivary ducts and glands. At 
the time of inoculation the micro-organisms might 
simply be washed from the proboscis into the cutis 
by means of the eslivary secretion, or directly in 
the latter, or after a certain amount of regurgita- 
tion from the stomach had taken place into the 
proboscis. 

In the second case, in which the insect under- 
goes a generalized infection, the primary non-in- 
fective period (incubation period) may well rep- 
resent the time required for this general invasion, 
with the consequent localization of the bacteria 
in the salivary glands. We have a very good 
analogy in typhoid fever in man, in which a very 
definite incubation period precedes generalized 
infection. 
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Hence it seems possible that errors may result 
in sseuming that a primary non-infoctive poriod 
in the insect, Soesaees in an obligate manner, to the 





So far we alae ive considered three types of trans- ry 


mission by insects; the first, in which the insect is 
infective immediately or soon after ingesting dis- 
eased blood but not for a prolonged period (the 
flea in plague) ; the second, in which the carrier 
is infective almost immediately and for a prolonged 
period later (ticks in Rocky Mountain spotted 
fever); third, in which a harmless incubation 
period is followed by 4 prolonged virulent period 
ee yellow fever), 
fourth possibility, which is perhaps not yet 
ly ostablished, is that of an immediate 
pitetive eid, followed by a non-infective, fol- 
again by an infective. The conditions as as- 
oe so far indicate that this may be the ease 
in the transmission of trypanosomes by tsetse flies, 
‘Until lately it was the experience that the fliee 
could convey nagana only for one or two days 
‘after their feod on infected blood. Lately, how- 
‘ever, Kleine has found that an incubation period 
‘of about twenty days, or a little less, oceurs in the 
fiy, and from then on, even up to cighty-three 
days (Taute), it is able to transmit infection. 
This work has been done with the flies, Glossina 
morsitans and G. palpalis, in connection with the 
trypanosomes of nagana (7'. brucei), and sleeping 
fickness (LP. gambiense). The results have been 
corroborated by Bruce. Tho first stage of infeo- 
tivity of the flies then remains for explanation. 


4.8%, Devteche med. Webnechr., March 18, May 27 and July 
22, 1900, 





It is possible that this is purely 
mission. In many of the 

numbers of flies have been used on a 
and in this case an infective Quantity of 
sites might well be introduced mechanically, w 
a a single ‘ly might be able to produee int 
only after the parasite had multiplied in its 
sues, and, perhaps, had reached tales nd 
It is well known that an intermediate 
stage” of the trypanosome is not required for infec- 
tivity, as appears to be the case with malaria. 
‘Trypanosomatic diseases may be carried es 
from one animal to another by tho 
blood for an indefinite period, A sexual stage at 
the trypanosome has not yet been shown to occur 
in the tsetse fly. 
wntaue type A unique type of insect transmission was de- 

Aminston. scribed recently by Miller! in the case of a dis» 
ease of rats which is caused by a protozoan organ- 
ism, Hepatozoon perniciosum, a new genus as well 
a8 a new species. The transmitter is a mite, 
Lelaps echidninus, ‘The \atter derives its infection 
by sucking the blood of diseased rats, in which the 
micro-organisms, at a particular stage of their 
development, occur within large mononuclear leu- 
cocytes, A sexual phase of the parasite takes place 
in the stomach of the mite, forming an ookinet. 
‘The Jatter penetrates the stomach wall, reaches the 
body cavity of the mite, and becomes encysted 
(oocyst stage). Within the cyst the parasite sub- 
divides to form a number of sporoblasts, each of 
which eventually contains from fourteen to twenty 
sporozoites. Miller readily produced the disease 
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in many ss, by them bread which had 
eae with infected mites. The in- 
testinal juices of the rat break up the sporocyst. 


and set free the sporozoites, which as “vermicules” 
to the veins and lymphatics and reach 
the liver, where they undergo an asexual prolifera- 
tion within liver cells, From these the young 
merozoites are liberated and reach the general cir- 
enlation, again as vermicules It is the last stage 
es is taken up afresh by the mites, Although 
may occur in the salivary glands of 
Meet ero rate ot te oy, Mil- 
ler found no reason {o believe that the parasite is 
inoculated into the rat by the bite of the mite. 
‘The latter feeds only at night, leaving the host 
in the day, and at a eubaequent feed may well 
reach a healthy rat, which in turn becomes in- 
fected by cating a sufficient number of the mites. 
Miller reproduced the infection algo by this “nat- 
uml” method. Other modes of infection, artificial 

in character, proved to be unsuccessful. 
insects may have a relation to the main- 
and extension of some diseases caused by 
multicellular parasites is illustrated by the trop- 
fea] and fica) disease of filarinsis, of which 
Septantasts is one of the most pronounced clin- 
ical eymptome. The larval worms often exist in 
ni in the blood of man, particulurly 
When certain mosquitoes suck infected 
this time one or more of the worme is 
1, undergo farther development, and eventu- 
wre through the stomach wall and reach the 

les 
the 
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muscles of the insect. The exact manner 
wi lites are reinoculated into man 
wnknown. It was supposed by Manson that 


or 
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Paranites. 


through his intestinal tract. Si 
several species of bayer 


A. maculipennis. - 
A number of worms which are parasitic in one 
animal or another are derived from insecta, the 
latter serving as host for the Inrval stages. Infeo- 
tion of the digestive canal originates after eating 
the insects (See Nuttall, Hygienisehe Rundschau, 
1999, ix, 505), 
There is a certain degree of specificity in the 
™- transmission of a disease by an insect, but this is 
by no means absolute. In yellow fever it appears 
to be very etrong, inasmuch as only one species of 
mosquito appears to be capable of carrying the 
disease (Stegomyia fasciata). An opposite ex- 
treme is found in the case of malaria, in which at 
least twenty-five different species of Anopheles 
have been shown to be capable of either natural or 
experimental transmission.* Several species of 
ticks are able to carry Texas fever and probably 
other piroplasmoges of cattle, At least two spe- 
cies of ticks carry Rocky Mountain spotted fever 
(Dermacentor venustus, Banks, and D, modestus, 
Banke). Two species of tsetee flies may carry the 
parasites of either magana or sleeping-sickness. 
‘The carrying power, however, is usually limited 
to different species under a common genus, As far 
as observations have gone only Anopheles carry 
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malaria, only Glossina flies appear to transmit na- 
gana and sleeping sickness, and only Dermacentor 
ticks carry Rocky Mountain spotted fever. An 
exception is found to this in the case of a spiril- 
losis of fowls in South America. Naturally this 
disenee is transmitted by a species of tick, Argas 
miniatus, but experimentally it may also be trans- 
mitted by Ornithodorus moubota. The latter, in 
addition to transmitting the disease just men- 
tioned, may aleo carry the European’ relapsing 
fever, and is habitually concerned in the convey 
ance of the South African tick fever of man. 





CHAPTER VII, 


SPECIAL PEATURES OF INPEOTION. 
(1) Virulence, Toxicity, Ble. 
The word pathogenicity, in its relation to infec- 
tion, refers to the power of an organism to produce — 
disease, and often to the character of the c 
which it causes. Virulence in all essential respects 
is synonymous with pathogenicity, but is used 
more commonly in describing the degree of path- 
ogenie power which a micro-organism posseses. 
Thus virulent and avirulent (or non-virulent) 
strains of the cholera yibrio or diphtheria bacillus 
are spoken af, 
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Textetty, Toxicily refers to the poisonous properties of a 


microbe or ite secretions. As a property it is not 
necessarily associnted with the living micro 

isms. The question is still discussed as to whether 
toxicity and virulence are coextensive, even if they 
are not identical properties. Undoubtedly, toxicity 
is one of the factors on which virulence depends, 
and, from the standpoint of the micro-organism, it 
miaty be the sole property. Some organisms of little 
or no pathogenic or infective power nevertholose 
possess a protoplasm which is more or less poison- 
ous, as certain aspergilli, penicillia or Bacillus 
subtilis, 


antectivity. Infectivity, or infectiousness, relates to the 


power of a micro-organism to maintain itself and 
to multiply in a living host. One which is able to 
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when a very minute quantity haa been introduced ; 
or one which, after introduction, is able to prolifer- 
ate fo an enormous degree in a particular host is 
said to be very infective, or infectious, for this host_ 

Infectivity is not synonymous, nor is it neces- 
sarily coextensive, with virulence or pathogenicity. 


Rocky in spotted 
highly infective, bnt have very low grade of path- 
ogenicity for these hosts. The leprosy bacillus, the 
pirochete of ilis, and the tubercle bacillus 
have marked infectivity for man, but their virn- 
lence, a8 indicated by the slow progressive character 
of the diseases, may be considored as moderate, 
although the final event may be tragic enough. On 
the other hand, certain organisms poasess great 
ivity and grent virulence at the same time, 
plague, anthrax and the glanders bacilli (acute 
) for man, and the trypanosomes of sleep 
ing sickness, nagana and dourine for white mice. 
The virulence of some micro-organisms is often 
‘specialized with regard to particular species of ani 
mals, Thue measles, scarlot fever and leprosy seer 
to attack man only, and no anime! can be infected 
their viruses. Smallpox and eyphilia are lees 
Smallpox can be inoculated into the 
ox and to a certain degree into the rabbit, and syph- 
‘ilis into monkeys, and perhaps also into the rabbit, 
although the latter may not yet be definitely deter- 
n and yellow fever infect only man 
the mosquitoes which carry these diseases 
‘other pathogenic organisms are in contrast to 
¢ mentioned, in that they are able to cause 
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Variations, 





Tn contrast to the examples mentioned above, 
are the non-pathogenic parasites, which ae 
mentation has shown to have no, or insignificant 
virulence for any animal whatsoever. B. subtilis 
and B. megatherium are cited ag representing such 
organisms, The former, however, is not absolut 
without pathogenic power, since it has been obser 
as the cause of panophthalmitie in a number of 
cases, and by previously lowering intraperitoneal 
resistance (by the injection of “aggressins”) Weil 
caused fatal peritonitis in guinea-pigs with this 
organism. 

Standing somewhat above these more or less 
harmless microbes in pathogenic power are the so- 
called acid-fast grass bacilli and similar organisms, 
which are able to produce only alight local changes 
in animals, and which are soon destroyed by the 
antibacterial agencies of the host. 

Virulence is a variable factor even with Tegard 
to different strains of a given micro-organiem. 
Diphtheria bacilli cultivated from various cases 
show a rather wide range of virulence, and similar 
observations have been made with regard to typhoid 
bacilli, streptococci, pneumococei, tubercle bacilli. 
plague bacilli and other organisms. With few ex- 
ceptions, pathogenic micro-organisms tend to lose 





PASSAGE THROUGH ANIMALS. OL 


virulence when they are cultivated for any length 
of time on the ordinary culture media. 

A common device for the maintenance or increase 
of virulence is that of passage through some suit- 
able animal. ‘The process consists of the inocula- 
tion of the animal with a pure culture, permitting 
the infection to ran its course or to proceed for a 
number of days, and at this time recovering the 
micro-organism on culture modia from the tissue 
of the animal. Roux and Metchnikoff modified this 
technic by placing a culture of the organism in a 
‘saled collodion sac, which is then imbedded in the 

cavity of a living animal. After a suffi- 
Tength of time the sac is removed and the 
Litre rpeated. By repeating the passage at suit- 
able intervals virulence may be maintained at a 
rather constant high point iholera vibrio, etrepto- 
corel, ete.). An effective substitute for pussage ix 
sometimes found in the use of a culture medium, 
which in its constitution approximates that of the 
tissues of an animal. Thus the virulence of pneu- 
mococci and streptococci is retained by cultivation 
on blood agar or in rabbit or human serum or in 
avcitic fluid. 

Animal paseage inereases virulence in the most 
marked manner for the species of animal which is 
used in the experiment, although some increase is 
usually manifested toward other susceptible species. 
Tn a number of instances passage through one ani- 
mal results im a decrease of virnlenco for ono 

and an increase for another. Thus Pasteur 

pd that pazenge of the virus of swine erysipelas 
(Schweinerotiauf) through pigeons increased 
Yirnlence for the swine, but it was decreased for 
‘thie animal when paseed from rabbit to rabbit, 
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the animal, leaving the more resistant and 
virulent: ‘This process of selection ix probably an 
important factor in the change, but it would hardly 
explain the increase which occurs when an organiam 
is grown on heated serum. Tt seems probable, as 
suggested by Risenberg and others, that as a conse- 
quence of residence in the body of the animal the 
culture becomes immunized against the antibac- 
terial factors (bactericidal amboceptors and opeon- 
ins) of the host, which would naturally render the 
organism a more dangerous one for subsequent 
animals into which it may be injected. It is even 
possible, as suggested by Welch and others, that 
certain elements in the body fluids may stimulate 
the micro-organisms to a more abundant secretion 
of toxins and other substances. (amboceptors), and 
that the increased virulence caused by passage may 
depend on the retention of this power after leaving 
the tissues of the host. 

It is probable that all organisms which are able 
to live for a shorter or longer time within the tis- 
sues of an animal cause anatomic changes and 
abnormal symptoms sooner or later: This, of course, 
does not apply to those which live habitually on the 
cutaneous or mucous surfaces. Those which live 
on the skin do not reach the interior because of 
mechanical obstacles, and regarding those which 
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inhabit the mucous surfaces constantly, it would 
eeem that an adaptation bas taken place, between 
such surfaces and the micro-organisms, so that the 
latter, although often pathogenic, are not able to 
reach: tissues. ‘Dhe least harmful infection 
2 which one could conceive would be one in which 

disturbed the host in no way, 
epee obras ected tec eartain monst of 1 
substance for nutrition, This would be a case of 
simple, comparatively harmless, parasitism, which 
in man, is best illustrated by the organisms which 
live habitually on the mucous surfaces. 

‘It is possible that harmless tissue invasion finds 
examples in some of the insects, although this may 
not be maintained positively. The apparent harm- 
lesanese of the organisme of malaria, yellow fever, 
South African tick fover and Rocky Mountain spot- 
ted fever for the insects which harbor them, was 
mentioned in the preceding chapter. Certain infec- 
tions do, indeed, run a very chronic and benign 
course, as the ordinary trypanosomiasis of rats, but 
it Sealy, not without discoverable, or even fatal, 


Seen or dosage of micro-organisms re- 
for infection depends on their virulence 
and the ak ed of their parasitic power (infeotiv- 
ity) ; this varics with different species and also 
with different strains of the same organism. The 
anthrax bacillus is very infective and may reach a 
degree of 1 aed a0 that a single organism 

Known to produce fatal disease in expori- 

animals. Extremely mimute quantities of 
‘somo Leoaaplaein more virulent trypanosomes are 
required. The tubercle bacillus, even when most 
‘virnlent, is hardly 0 infective; it is said that eight 
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ly into the guinea-pig, and 
when into the rabbit (Wyssokowicz) 
dreds of the most virulent 
typhoid bacilli are required to in 
tion in the guinea-pig. In peanatioeera 
tione mentioned are various saprophytic organiama 
which, regardless of the quantity introduced, eithor 
do not produce infection can or do #0 only after 
the resistance of the animal has been lowered arti- 
fivially. 
Among those who are equally exposed to infec- 
tion in an epidemic of typhoid fever, the escape of 
many probably is due to the ingestion of a «mall 
quantity of bacilli which is insufficient to produce 
disease. Individual susceptibility, and temporary 









low resistance, are other factors. 


(2) Types of Infection. 

There are wide variations in the physical rela- 
tionships which different pathogenic micro-organ- 
jeme hold to the tissues of the body. This has 
alrendy been suggested in the discussion of infee- 
tion atria, in which it was shown that certain 
organisms have a specific preference for points of 
primary invasion. 

‘This tendency of a specific relationship to par- 
ticular tissues is kept up in many instances after 
the microbes have reached the interior of the body. 

Seicetrve ‘Tho malarial plasmodia enter and destroy the 
phe ket erythrocytes and cause enlargement of the spleen 
and liver, while other organs are affected to a 

much less degree at a rule. Tho pneumococens 

has a great affinity for the pulmonary tissue and 

for endothelin! structures; it frequently causes 
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meningitis and is present in the blood in virtually 
all cases of in. ‘The gonococcus, aside 


hocomes localized in the joints, and occasionally on 
the valves of the heart. ‘The micro-organism which 
causes acute articular rheumatism has a specific 
aifinity for the joints and endocardium. It would 
seem that the virus of hydrophobia attacks the cen- 
tral nervous system almoet to the exclusion of 
other tissues. The spirochete of syphilis, although 
it may couse changes in any organ of the body. is 

ly prone to luce proliforation of the 
vaseular endothelium cal subendothelial connect- 
ive tissue. 

The fungi which cause pityriasis versicolor. 
ringworm, barber's itch, erythrasma and favus 
attack only the eutancous surfaces. Ringworm in 
ig prone to be limited to the scalp, whereas 
It it occurs more commonly on the 
In ringworm and pityriagie versi- 
the superficial skin is involved, and in 
er the hair follicles and the hairs. In 
barber's itch the cutis vera is often 
and in the former healing usually takes 
with scar formation. The organieme appar- 
become generally distributed in the 
hever, or rarely, cause symptoms of gen- 
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‘are many other organisms of more general 
lic powers which frequently cause infec 
the skin and other superficial tiseues, 
they have no specific relationship to the 
found now in one tissue and now 
may in fact invade any organ of 
Such organisms are the streptococci 
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skin. 


‘0 INFROTION 


(erysipelas), sania 
the bacillus of anthrax (m 
tubercle bacillus eee cate t 
ir Py tae 
feature of tubereul 
ry infection of the skin, there is 

disposition to the metastatic invasion of — 
dae and remote tissues. This does occur occas 
sionally, it ig true, but it seems that a primary 
localization in the skin has a tendency to immunize 


the rest of the body against invasion by these 


organisms. 
Diphtheria and tetanus, as stated elsewhere, rep- 
resent another type of local infection, the former 


* involving mucous surfaces, the Jatter being a wound 
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infection. In these, the organisms do not become 
generally distributed in the body, or, at any rate, 

irked and essential degree, but the gon- 
eral intoxication results from the action of specific 
soluble toxins which are absorbed and distributed 
through the body by the cireulation. The organ- 


invasion or imp! antation. Their toxine may be 
obtained free from the bacterial cells in artifical 
culture media, and such toxins when injected are 
able to cause the aymptome of the disease, 

‘The bacillus of botulism belongs to the same 
group as the tetanua and diphtheria us, in 
that it produces a specific soluble toxin in culture 
media which is able to cause the symptoms of the 
disease. The mechanism of pathogenesis is differ- 
ent, however. The toxin which produces the dis- 


ease has already been formed in diseased meat 
by the bacillus before the mest is oaten, and the 
poisoning results from the absorption of this toxin 
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through the wall of the intestines. The bacillus 
‘itself is believed not to proliferate in the intes- 
tines. The condition is one of intoxication with- 
out true infection. 

Tn some of the intestinal diseases the cavity of 
the intestines appears to act as a sort of reservoir 
in which the organiams proliferate to an unlimited 
degree, and from which they reach the circulation 
more or less continuously in large numbers, cither 
in w living or dead condition. This relates particu- 
im to typhoid, paratyphoid, cholera and dysen- 

i primarily surface infections. In 
te ‘two former, however, the organisms, during 
the early days of infection, reach the circulation in 
* living condition in large numbers, and may even 
proliferate in this situation, In cholera, the vibrios 
thow a disposition to genoral invasion, but appear 
to be killed off before they have actually pene- 
trated the intestinal wall The same condition 
probably Lat fl ober in bacillary dysentery. It is the 

lief that the intoxication in these 
aoe comes about through the disintegration 
of the micro-organiems, as a consequence of which 
4 poisonous protoplasm is set free, This conception 
has its origin from the facts that it has been diffi- 
cult or impossible to obtain potent soluble toxins 
in culture media, and that the bodies of the killed 
Organisms are sufficiently toxic to explain the 
intoxication. Recent work, however, indicates that 
# certain quantity of toxin may be produced in arti- 
ficial cultivation, and it is possible that the condi- 
tions in the body are much more favorable for 
toxin production than are artificial surroundings. 

Certain chronic infections, even when they invelve 
doopor tissues and internal organs, chow from the 
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continuous blood infection may 

eases are tuberculosis, ac C 

sis (cidiomycosis), rhinoscleroma, 

and perhaps leprosy, They are 

the formation of a good deal of 

which tends to limit rapid extension 

tion of metastases, and by a i 
contiguous tissues. New foci may be eet 
distant organs by means of metastasis, 

stream in the meantime being com) 

from living micro-organisms, A true 

condition may be produced in 

sudden pouring of large quantities of bacill) 

the circulation from a cheesy focus Which has 
ruptured into a vessel. This again results in the 
formation of many minute foci in various par 
of the body (diffuse miliary tuberculosis). The 
conditions are similar in blastomycosis, lep 
and glanders. Rarely metastatic infection with 
actinomyees Is found. 

‘These chronic infections are not the only ones, 
however, in which new foci may originate by 
metastasis, A streptococcus infection of the heart 
valves, or an infected thrombus in some vein, cause 
“pyemic!” abscesses in various organs when infected 
clots from the original site are set free in the cireu- 
lation. The foci of infection found in the ki i 
typhoid fever, and the involvement of the joints 
in gonorrhea, are further examples of metastatic 
invasion. 

Lip As already indicated, systemic infection may 
Infections. take place in a secondary and accidental way in 
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many cases when a pre-existing loca) discase exists 
at some point. In a small group of diseases 
(typhoid, paratyphoid, pneumonia) this second- 
ary general invasion occurs with great constancy, 
and the organisms can always be cultivated from 
the blood if this is undertaken at the proper time. 
In syphilis general invasion occurs only after a 
certain “incubation period” has been passed in 
the primary sore, and after this time it exists a5 a 
protracted blood infection. 


Others appear to be primarily and essentially Primar; 


systemic 


blood infections, little or no reaction taking place tfecttons. 


at the point of invasion. This is true of systemic 
plague, anthrax, Rocky Mountain spotted fever, 
some very virulent infections with the etreptococ- 
cus, relapsing fever, and in many of the protozoan 
infections, a8 in inolaria, piroplasmocis, and in 
sleeping sickness. In some of these the organisms 
may pass a portion of the incubation period 
in the lymph glands, where they proliferate 
fo such an extent thst they gradually over- 
whelm the circulation in large nombers. The 
organisms of malaria and piroplasmosis proliferate 
in the blood-stream, i. e., within the erythrocytes. 
Tt aleo seems probable that the other organisms 
mentioned are able to proliferate in the plasma, 
and that their presence in the blood-stream is not 
due entirely to their continuous escape from such 
solid organs as the lymph glands and spleen, or 
from the point of primary invasion. They are true 
Or full parasites in the sense of Bail. 

From the standpoint of continuity there are sev- 
‘eral types of systemic infection. 


We may, in the first place, recognize the continu- ¢ 


ous type, in which the organisms, after they onco 1 


oe 





nwows 


mie 
feotlons. 





in the latter case 
tective agencies of the blood, 
fever, plague, 


typhoid Rocky 
fever, Malta fever, and probably the 
mata, are of this hie Recovery and 


‘Through some aceident typhoid may vary from its 
usual habit, a point which is illustrated by the 
occasional occurrence of relapses, or by the locali- 
zation of the bacilli in some solid organ of the 
body, as in the vertebra or the muscles, resulting 
in post-typhoidal complicatione. 

In other instances the systemic invasion is of 
periodic character, and of this there are a number 
of varieties. The streptococcus, when it exista as 
the cause of fibrinous endocarditis or of thrombo- 
phlebitis, often invades the circulation in a fluctu- 
ating manner. Periods when there are very few 
cocci in the blood will be followed by others in 
which they are very numerous, and the clinical 
symptoms usually correspond with these fluctun- 
tions. A similar course probably is followed by 
tuberculosis and blastomycosis in their invasion of 








the blood. Mechunical factors sometimes procipi- 
tate a systemic distribution, such as the rupture of 
a caseous nodule into a vessel or lymph channel in 
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‘tubereulosis, or the separation of minute fragments 
tirombus infected with streptococci 
of a more or less regular periodicity 
in the various relapsing fevers, which 
by spirilla. The first attack of the 
fever lasts for six or seven 
lowed by a period of apyrexia of 
another febrile period. 
established after three or four 
the relapsing fever of South 
first attack has a shorter duration 
and those which succeed may 
ro days, according to Koch, 
tacks the blood swarms with 
whereas in the intervals it is compara- 
tively free from organisme. In cxplonation of this 
it has bora assumed that the febrile attacks are cut 
short by the development of a certain degree of 
immunity, ‘This results in a more or less complete 
sterilization of the blood, although spirilla which 
remain in the lymphoid organs, particularly the 
spleen, seem to be protected. At the time of a 
relapse, oither the immunity has decreased suffi 
ciently, or the remaining organiems have gained in 
virelenee to such an extent that a general reinva- 
sion takes place. In the end the immune forces 
gain the upper hand and the body becomes com- 
pletely sterilized. 

‘Sdme of the chronic infections are subject to 
recrudescencet. Syphilis and trypanoso- 
miasig of man begin a8 acute infections. After 
the acute secondary stage has apparently passed, 
cle ie frequently suffer recrudescences, with 
a] manifestations, and it is probable that the 
wt of micro-organisms in the blood increases 
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at such times. In the first stage of sleeping sick- 
ness, the so-called trypanosomatic fever, the fever 
is of a remittent type, and during the attacks of 
fever the number of trypanosomes in the blood 
increases. In the stage of sleeping sickness they 
appear to be limited very largely to the lymphatic 
glands nnd the meninges. They can readily be 
obtained from these sites by puneture, but their 
presence in the blood is much more inconstant. It 
has been the experience that on some days pro- 
longed examination of the blood will disclose no 
trypanozomes ; on other days two or three per field 
may be found ; and on still others as many as seven 
or eight per field, 

‘The tortion and quartan infectione with the 
malarial parasites, at least in their enrly stages, 
illustrate a special type of recurrent generalized 
infection, which is cyclic in nature, the period of 
intense general invasion coinciding with a certain 
stage of the asexual multiplication of the parasites, 
(See chapter on malaria.) 





(8) Nature and Mechanism of Infection, 
It ia to be understood that infection presupposes 


” a penetration of the body surfaces to a greater or 


less degree. Even in pityriasis versicolor, the 
most superficial of infections, the fungus pene- 
trates the horny layer of the skin, Hence, in a 
consideration of the nature and mechanism of 
infection, it would he desirable, first of all, to con- 
sider the manner in which micro-organisms and 
their poisons may reach the deeper tissues. In 
some instances this is readily understood, whereas 
in many others we must in the main be content 
with mere deductions. 


alll 
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Cortain animal tes, n# the ite mite and 
jigger, penetrate the surface through mechanical 
defects of their own making. 


Tn penetrating wounds, abrasions and transmis- 
sion by insects the introduction of micro-organisms 
is a question of mechanical inoculation, or subse- 
quent growth into the defect. In this case there is 
no barrier to their entrance into the circulation, 
until after the appearance of an inflammatory 
reaction; and if the organism happens to be one 
whieh secretes a soluble and easily diffusible toxin 
(e. g., tetanus bacillus), general intoxication may 
rezalt even without further diesemination of the 
living cells. ‘The degree of defect necessary for 
ied varies with the character and virulence of 

the organism. The bacilli of plague, anthrax, 
glanders, and the spirochete of syphilis may enter 
through Tesions which are almost microscopic in 
size. ‘These organisms possess great infectivity, 


ay anall nombers producing infecti 











, uch as virulent staphylococe:, which 
iS 


aaa the hair follicles and sebaceous glands, are 
‘able to grow through the succulent epithelium into 
the surrounding tissues, and to cause a furuncle, 
carbuncle or cellulitis. This may follow or be 
accompanied by a primary necrosis of the opi 
thelium. Occasionally when furuncles are situated 
at favorable spots, as near the angle of the mouth 
‘Or nose, the necrosic may extend to adjacent veins, 
resulting in a flooding of the circulation with the 
organisms. 

‘True soluble toxins are seldom absorbed through 
the unbroken skin, if we except the case of poison- 
ing with poison ivy. In Moro’s test for tuberculo- 
sis the tuberculin, incorporated in a paste, is 
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rubbed into the skin. This is also true of most 
chemical poisons which do not have # corrosive 
effect, although by prolonged contact (lead) or 
rubbing (mercury) a certain amount of absorp- 


_ tion may be induced. 


Mucous 
Surfaces, 


Contigoons 
‘Grows, 


Diphtheria, 


In infections of the mucous membranes, with 
their soft epithelial covering and moist surfaces, 
micro-organisms are often able to grow iP 
into the underlying tissue, resulting in either a 
local inflammation, a general infection through 
‘the medium of the lymphatics or capillaries, or a 
general intoxication through the absorption of 
toxins. A mechanical defect in the surface may 
not be neceasary for this penetration, the exten- 
sion taking place by contiguous growth, which, 


+ however, is suroly favored by any toxic and desqna- 


mating effect which the organism or its toxin may 
have on the epithelium, Streptococci which reach 
the erypts of the tonsils roadily cause necrosis of 
the surface epithelium, and this defect would seem 
to facilitate deeper invagion. 

The growth of the diphtheria bacillus is limited 
in the main to the superficial layers of the tissues 
which it attacks, As the organism penetrates the 
epithelial layer, possibly by direct growth, the toxin 
which it secretes causes necrosis of the adjacent 
cells. This process continues until the vaseular 
tismes are reached, resulting in the formation of a 
folze membrane. However, the onset of fever 
before the formation of the membrane, and the 
occurrence of diphtheria without membrane forma- 
tion, show that the false membrane, i. e., the necro- 
sis of the surface, ix by no means a prerequisite for 
the absorption of the toxin. A severe invasion of 
the body by the bacillus does not occur, although 
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occasional individuals, without doubt, reach the cir- 
culation; this, however, ie mot necessary for the 
intoxication. 


‘Leucocytes are continuously passing from the 
tonsils, intestines and other superficial organs 
whieh are rich in lymphatics, through the mucous 
membrane to the surface. These excreted leuco- 


bers of bacteria which they encounter on the sur- 
face, and it bas been suggested that the excreted 
may reenter the adjacent tissue, carry- 
bacteria with them. The study of sections of 
tonsils and poribronchial lymph 
wo that bacteria are continuously 
body, even in health, and their fre- 
irrence within loucocytes which are near 
surface suggests that the latter are the agents 
which they are introduced (Ruffer, Biz- 
and others). This finding, however, could 
as proof of the hypothesis, since 
phagocytosis may have taken place after the 
had penetrated the surface independ- 
the 
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work of Nocard, Ravenel, Behring 
and others, it has been shown that tubercle bacilli 
‘will pass into the lymphatics from the intestines, 
fn the absence of mechanical defects. 

‘That the loucocytes may perform this function 
‘is also by A. B, Macallum's study of the 
absorption of iron. When the albuminate and pep- 
‘tonate of iron were fed to starved lizards, the min- 
eral, eight hours later, was demonstrated in large 
‘quantities in the leucocytes contained in the lumen 
‘of the intestines, also within leucocytes which lay 
between the epithelia! cells of the villi (re-entering 
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leucocytes (1) ,and within similar cells which were 
found in the liver and spleen (Adami’s Principles 
of Pathology, Vol. I, p. 291). Inasmuch as no 
power of spontaneous penetration can be ascribed 
to the particles of ell ne rn as 
carried into the tissues by 

Tt may be stated, then, ax a reasonable probabil 
ity that micro-organisms are sometimes carried into 
the deeper tissues by leucocytes which re-enter the 
surface. 

Phagocytosis of bacteria by epithelial cells, par- 
ticularly by the pulmonary epitheliam, is known to 
occur, but it is not known that the process is an 
essential one for invasion, 

Some toxins are not rendily absorbed by the nor- 
mal mucous membranes, whereas others seer to be 
taken up readily. In the absence of wounds, tet- 
anus toxin, when ingested, causes no symptoms, 
It is destroyed largely by the gastric and pan- 
creatie juices, and this is the case also with diph- 
theria toxin in test-tube experiments. ‘The latter 
has the power of causing necrosis of the mucoea, 
and may be absorbed through the injared surface. 
‘The toxin of hay fever is readily absorbed through 
the conjunctiva and the mucous membrane of the 
nose. Experimentally, ricin, a plant toxin, is 
abeorbed through the intestines, although the 
amount required for fatal intoxication by thir 
route greatly exceeds that of the subcutaneous 
injection. The toxin of the bacillus of botulism 
is readily absorbed through the intestines of both 
man and animals. 

When a micro-organiem causes a primary des- 


* quamation of the mucous epithelium, it follows 


that further penetration of the organism, as well 


> wa 
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# absorption of toxin, are facilitated. This would 
seem to find special application in cholera and 
bacillary dysentery, In cholera general invasion 
of the body by the living organisms doves not take 
place, although the intestinal surface is denuded 
to a greater or Jess degree. The vibrios penctrate 
to a certain rather superficial depth, where thoy 
appear to become dissolved, and with their dissolu- 
then, polsona, in addition to those which were pre 
viously secreted, are set free. The conditions are 
similar’ in dysentery. 

‘To summarize, micro-organisms gain entrance to 
the subjacent tissues through wounds, by means of 
their own power of injuring the surface and grow- 
tug into and through it; and probablyulso through 
the agency of inwandering lencocytes. Phagocytic 
epithelial cells in some instance? may play a part, 
but this is hypotheties!. Toxins are absorbed for 
the most purt through surfaces which have been 
previously injured, but some of them are able to 
pass through previously healthy mucous mem- 
branes, 

‘The term incubation period signifies the inter- 
val between the first introduction of a pathogenic 
microorganism, or ita toxin, until the develop- 
ment of the first symptoms which characterize the 
onset of the disease. In many infections, as in 
typhoid fever, a fooling of malnise, headache and 
nausen, frequently appear a few days before marked 
symptoms develop, and this period is called the 

stage. It may bo considered either as 
the latter end of the incubation period, or ns the 
beginning of actual “onzet.” 

The Jength of the incubation period varies 
grently in different infections. In cholera it may 
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be as short as a few hours only, in hydrophobia it 
is on rare occasions as long as six months, but 
more commonly two to four weeks, In a rather 
large group of diseases the onset follows in from 
one to two weeks after exposure, so that there 
would scem to be a tendency to some general law, 
the basis of which iz not known. 

It hus been suggested that it may have « relation 
to the anaphylactic reaction (Rozenau and Ander- 
son) ; namely, that the first micro-organisms intro- 
duced “sensitize” the body in some way not yet 
understood, and when sensitization has taken place 
(seven to fourteen days) the body then has a 
greater susceptibility to the organism and yielde 
readily to infection (see Anaphylaxis”). 

Occasional individuals show a susceptibility to a 
first injection of horse serum (¢. g., diphtheria 
antitoxin) in that they develop an urticarial rash, 
adenopathy, effusions into the joints, and perhaps 
fever, in from eight to twelve days after the intro- 
duction of the serom. Von Pirquet noted that 
when a second injection of the serum was given 
after an interval of two weeks or more similar 
symptoms would develop within a few hours rather 
than after several days; and there is a great deal 
of constancy in this when susceptible individuals 
are concerned. He arrived at the conclusion that the 
horze serum as such is not toxie for man, but that 
a8 a consequence of the injection antibodies to the 
serum are formed and that the intoxication comes 
about a3 a result of come kind of chemical reaction 
which takes place between the antibodies and the 
serum. The conditions in immunization render 
this oxplanation extremely probable. After the 
first injection of serum antibodies to the serum 
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tat and other antibodies) are 
ieee pelcna peed tration in the blood 
only after the lapse of some days. If the injection 
of serum given, in the first place was of some size, 
some of ‘aon oe original scrum proteids would still be 
canted when py antibody formation 


point, and the conditions for _ 


the paca reaction between the two would be 
present. This would account for the delayed reac- 
tion seen in first injections. If come smaller quan- 
tity wore given in the first place the delayed rene- 


head all have been modified or excreted. If a 

second injection is given, however, the fresh serum 
at once comes in contact with the antibodies which 
have already been formed, and the toxie combina- 
tion or substance can be produced at once. 

On the basis of these considerations von Pirquet 
believes that the ordinary interpretations of the 
nature of the incubation period are incorrect, 
As he saya: “I presented the theory that the dis- 

peer agent only calls forth pathological 
=ymptome in the body when it is changed by means 
of the antibodies; the incubation period is the 
required for the formation of these anti- 


‘The number of micro-organisms introduced has 
an influence on the inoubation period. Guinca- 
ed be killed within a few hours by the injec- 
Of a large quantity of typhoid bacilli, but with 
administration of smaller quantities a much 

incubation period may be obtained. The 

“efloet of quentts ai is shown very clearly by the 
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Of Dosage, 


injection of diphtheria or tetanus » 

the incubation period can be n P 

eral days down to several hours, on 

quantity injected. 

‘The so-called true toxins of bacteria, i, ¢., those 
which are able to cause the formation of antitoxins, 
‘as a rule are distinguished from other poisonous 
substances of bacterial or other origin, by the ocour- 
rence of an incubation period when they are admin- 
istered. However, at least two toxins, venom and 
that secreted by the Vibrio Nasik and perhaps 
other vibros, act so quickly that an incubation 
period is hardly to be recognized. 

Peotiferation. ‘The number of micro-organisms originally enter- 
ing the body is asually quite small; lience the time 
required for them to reach an infective or toxic 
quantity probably represents a part of the incuba- 
tion period. 

Tn hydrophobia and tetanus a mechanical fac- 
tor plays a part in the length of this stage. Tn 
theee cases the micro-organisms (hydrophobia) and 
toxin (tetanus) appear to reach the central nerr- 
ous system by way of the peripheral nerves, and 
symptoms are delayed until this occurs, Wounds 
of the face and neck are followed by symptoms 
more quickly than when they are situated on parts 
more remote from the central nervous system. 

Adaptation. It is not unlikely that another factor consists of 

a certain relation-between the protective powers of 

the host and the invasive or aggressive ability of 
the organism, at least in some instances. Lemaire 
and also Buxton found that after the injection of 
pathogenic micro-organisms directly into the cir- 
culation, there is at first 9 reduction in their num- 
ber, followed by renewed proliferation, which 
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progresses steadily, Supposedly, the natural anti- 
bacterial tenes of the serum and leucocytes took 
up the destruction of the bacteria until the former 
were exhausted, and from thie time proliferation 
could take place with little hindrance. In infec. 
tions which occur naturally, as in typhoid fever or 
scarlet fever, the first organiams which reach the 
waderlying tissues and circulation may be 
destroyed, involving such a loss of bactericida) 
agencies that continued proliferation and invasion 
finally results in general infection. 


Im epeaking of paseage, it has already been « 


stated that virulence may bo increased by pormit- 
ting an organism to grow in the tissues of a living 
animal, Virulent organiems are not taken up by 
leucocytes so readily as avirulent, and in the pres- 
ence of high virulence there may be no phagocytosis 
atall, This has a bearing on the incubation period 
in that the micro-organisms which first come in 
contact with the tisaues of the host may have low 
virulence, but after exposure to the germicidal 
substances for a sufficient length of time, their 
pathogenicity and resistance may be ¢o raised that 
they exeape destruction in the tissues. On this 
basis, therefore, the incubation period may, in part, 
Toprerant the time required for the organisms to 
become serum-resistant. 

Regarding the subject under discussion, there is 
till another factor which finds application, par- 
ticularly where toxins having an enzyme-like 
nature, are involved. Toxins have been likened to 
enzymes, because of their action in exceedingly 
smnll does, their common’ susceptibility to heat, 
‘and finally the exhibition of an incubation period. 
No matter how much diphtheria or tetanus toxin 
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is introduced into an animal, the incubation period 
cannot be eliminated abgolutely; and some of the 
hemolytic toxins, as tetanolysin, can be added to 
red blood cells in teet-tubes in any desired quan- 
tity without causing their immediate solution. 
There is, therefore, something inherent in the 
nature of these substances, or in the nature of the 
action which they exert on the cells of the body, 
which demands this latent period before an effect 
becomes manifest. ry 

It seems probable, therefore, that there are many 
factors which contribute to the existence of the 
incubation period, and that the factors which 
determine its length in one instance may not be 
identical with those which are found in another. 
‘The time required for proliferation of the micro- 
organism to an infective quantity probably is com- 
mon to all infections. 'The infective quantity must 
vary with different diseases, and with different 
strains of the same imicro-organism depending on 
their virulence, A virulent strain has a shorter 
incubation period than a less virulent. Tn some 
instances a certain amount of time may be 
required for the micro-organism to undergo an 
increase in virulence sufficient to accomplish infec- 
tion. Or, again, this time may be required for the 
exhaustion (absorption or chemical binding) of 
the protective substances to such a degree that fur- 
ther proliferation and invasion take place with 
greater rapidity, this latter step coinciding with 
the onsct of marked symptoms, he time required 
for distribution of the poisons to vital organs would 
seem to be of minor importance except in hydro- 
phobia ond tetanus, which utilize the peripheral 
morves ag a route to the central nervous system. 


a. 
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Tn the case of some of the toxins. (as of diphtheria 
and tetanus) a certain time for the manifestation 
of a toxic effect is required, even when they are 
placed in direct contact with the cells for which 
they have a specific affinity. As stated, the réle of 


Leaving out of consideration the few instances 
in which preformed toxins are ingested and 
absorbed (as in botulism), the production of dis- 
ease in a susceptible host would seem to depend on 
two factors: First, presence in the micro-organism, 
or secretion by it, of a toxin which is able to cause 
a direct injury of the tissues of the host; and sec- 
ond, ability of the micro-or; to remain alive 
and to proliferate in the body of the host. 
Different toxins vary greatly in the cells which 
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they attack, Some destroy the red blood cells to a Tiyar, 


ee (staphylococcus and streptococeus) ; 
have a special affinity for the nervous tissuc 
(tetanus, lela botulism) ; some attack par- 
ticularly the endothelium of the vessels, causing 
many minute hemorrhages (some of the eruptive 
fevers, rattlesnake venom). In many other in- 
stances the toxins have a wider range of action, 
and many different tissues suffer to a greater or 
‘ess degree. Areas of neerosis in the lymphoid and 
parenchymatous organs, and granular and fatty 
degeneration of the latter, and of the muscles, 
Including the heart, are well known in different 
disentes. Tho albumin and casts which appear in 
the urine in various acute febrile diseases are a 
‘result of a toxic action on the epithelium and endo- 
thelfum of the kidnoys. 
In addition to destroying life by their direct 
netion on the cells, pathogenic micro-organisms 
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produce profound disturbances in metabolism and 
nutrition by interference with the functions of 
organs. It is not the intention, however, to enter 
into a discussion of these obscure influences. 

‘The mechanical injuries which micro-organiams 
cause are, at least in most cases, the result of 2 
previous toxic action, i. e, they are secondary 
effects. This is true of the emboli, consisting of a 
mixture of fibrin, cells and mier6-otgant bay which 
arise in a valvular cndocarditis, and of thrombi 
which are formed in vessels as a consequence of 
infection. 

in lobar pneumonia we haye a good example of a 
mechanical disturbance of importance. ‘The alveoli 
become filled with a fibrinous and purulent exudate 
which makes a large area of pulmonary tiseue 
unavailable for respiration. Yet, even here, the 
mechanical disturbance has arison only as a result 
of the toxic action of the pneumococcus on the 
capillary walls and the alveolar epithelium, per- 
mitting the ceeape of the blood and serum. 

Some chronic infections are characterized by the 
development of new connective tissue and vessels: 
thie is seon especially in syphilis, tuberculosie and 
actinomyeosis.. The import of the new connective 
tissue depends on its location. A large amount of 
it may form in pro-existing fibrous tissues with no 
consequent harm; but even a small scar, gamma 
or tubercle in the brain, or deformities of the heart 
valves which follow inflammation, may cause 
serious results. 

A genuine direct mechanical disturbance appears 
to be caused by the malarial organisms in that 
they occasionally accumulate in the capillaries of 
the intestines and brain in such numbers as to 
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amount to virtual thrombosis. Filarim, which are 
multicellular organisms, cause grave conditions by 
occlusion of the lymphatics. 

In discussing the second condition for the oceur- 
rence of infection, numely, the ability of the 
micro-organigm to remain alive and to proliferate 
in the body of the host, this must be done with 
regard to certain protective agencies which the host 

against ing micro-organisins. 

As will appear later in more detail, these agencies 
may be directed either against the toxins of the 
micro-organisms, or against the parasitic cells 
themselves. ‘The former rests in the antitoxins 
which may be present in the plasma and lymph, 
and the power of the tissues to bind and destroy 
the toxins; the latter im the germicidal substances 
of the body fluids (the 20-called bacteriolyeing), 
and in the phagocytic and destructive action of 
various cells of the body, particularly the leucocytes 
and endothelial celle. Manifestly, in actual infec- 
tion the micro-organisms are able to proliferate in 
spite of the prerence of these antagonistic agencics, 
and the conditions which render this possible prob- 
ably vary a great deal in different infections. 
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‘Thus, in relation to tuberculosis, cither tho Natures 


serum of man and animals possesses no germicidal 
substances for this particular organism, or the lat- 
tee is resistant to their action. Also, since the 
Wweilli are frequently found within phagocytic 
eelis in ao good state of preserration, it would 
seer that they have a certain degree of resistance 
to intracellular digestion. Staphylococci, strepto- 
ececi and certain other organisms resist destruction 
by the serum, although they are readily taken up 
and destroyed by phagocytes. 
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the serum is a natural and constant property. On 
the other hand, certain organisms which are nat- 
urally susceptible to the germicidal power of the 
serum and leucocytes appear to acquire a resistance 
against these agencies during the course of infec- 
tion, and it is not at all unlikely that this is « 
property which is common to all pathogenic miero- 
organisms. We may look on this change as a 
phenomenon of adaptation. In a distinct eense it 
appears that the micro-organisms may become 
immunized to the bactericidal substances of the 
serum, and to the opsoning on which destruction 
by phagocytosis depends. 

The increase of virulence in a micro-organism 
by repeated paseage through a euitable animal may 
be regarded as an adaptation on the part of the 
organism for the tissues and fluids of the animal, 
and in this adaptation an increased resistance to 
the germicidal substances probably is an important 
factor. Similar agencies doubtless are at work in 
the maintenance of virulence by growing cultures 
on media which contain the serum of animals. 

‘Typhoid bacilli which have been cultivated from 
the body of a patient recently are more resistant 
to agglutination than those which have been on 
artificial media for come time. The same has been 
found true of the cholera vibrio (Pfeiffer and 
Kolle), as well as of some other organisms, Also 
the cultivation of bacteria (typhoid bacilli) in 
media which contain an agglutinating serum brings 
about am incrensed resistance to agglutination 
(Ransom and Kitashima, Walker, Steinhardt and 
others) ; and it has been shown that such modified 
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bacilli nbeorb or bind lees agglutinin than “nor- 
cot strains (Maller, Cole, Eisenberg). Explained 


they contain a decreased mumber of binding 
molecules or receptors for the agglutinin, hence an 
effective quantity of the latter is not bound. 


Experiments by many observers indicate that jestet 


bacteria may also acquire resistance to the bac- 
tericidal bike ‘of the scrum, and that this prop- 
ety goes hand in , at least to a certain extent, 
with the virulence of the micro-organism. In some 
‘of these oxperiments the resistance has been 
‘scquired by a g the organisms in the corre- 


increased resistance to bacteriolysis, which was 
retained for several subsequent generations on agar, 
Day also, in a similar way, caused increased serum 
resistance in B. prodigioeus, B. vulgaris and B. 
fluorescens, and even conferred some pathogenic 
powers on these organisms, which naturally are 
rather harmless gaprophytes.t Such results have 
been obtained with the organisms of typhoid 
(Walker, Haffkine and others), cholera (Szekely, 
Ransom, Kitashima and others), dysentery (Mar- 
shall, Knox, Mason), anthrax (Shaw, Danyz and 
others), the colon bacillus (Hamburger), Vibrio 
metchnikovi (Metchnikoff, Bordet and others). It 
has zemictly been found alzo that bacteria when 
cultivated from infections have an 

prictacid high resistance to the bactericidal action 
serum. Bosserer and Jaffé noted that a strain 
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of the typhoid bacillus ivolated from a “carrice” 
may show this increased resistance. 

It is an old tenet of Metchnikoff that virulent 
micro-organisms are less susceptible to phagocyto- 
sie than avirulent, This was eupposed to be due 
to the establishment of a negative chemotaxis, 
which consisted either in a repelling of the leuco- 
cytes or in their failure to be attracted to the bac- 
teria. In 1892 Massart reported that 
were negative chemotactically to virulent strains of 
the organiems of anthrax, chicken cholora, swine 
plague, and to B. pyocyaneus and Vibrio metchni« 
ovt, and that they were taken up by leucocytes in 
the animal experiment to a much less extent than 
avirulent strains of the same organisms. The same 
condition was noted in relation to staphylococci 
(vun der Velde, Kocher, Tavil). Since phagocy- 
tosis has been studied more extensively under arti- 
ficial conditions, the same phenomenon has been 
noted in relation to other organisms, as the strepto- 
coceus (Hektocn and Ruediger, Bordet, cte.), 
pheumococens (Rosenow), typhoid and paraty- 
phoid bacilli (Neufeld and Hiine, Hektoen), the 
colon bacillus (Beattie), the meningococcus (Flex- 
ner), and others. In African tick fever, Levaditi 
and Roché noted the presence of spirillicidal and 
opsonic substances (those favoring phagocytosis) 
following the first attack of fever, but they 
appeared to be effective only on the spirilla which 
were present in the blood during the first attack. 
By the time the second attack occurred the organ- 
isms had acquired a resistance to these substances 
which they retained during several passages 
through rats subsequently. It would seem that 
this acquired resistance on the part of the organ- 


_— 
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‘isms is what makes the second attack possible, and 
that this might go indefinitely were it not that the 
eventually responds by the production of 
such a quantity of germicidal substances that the 
spirilla are finally destroyed. We may suppose 
that the conditions are not very different in eyph- 
ilis and in some of the chronic protozoie infections, 
‘as trypanosomiasis and piroplasmosis; in all these 
diseases epecitic antibodies are produced during the 
course of infection, and there is good reason to 
believe that some of these are germicidal in charac- 
ter. This ie certainly true in regard to piroplasmo- 
sis and trypanosomiasis, yet the organisms persist 
in the blood and tissues of the host for a long 
period. It seems thst they must have bocome 
adapted to the presence of these germicidal sub- 
stances, That virulence is not lost as n consequence 
of thie adaptation is shown by the fact that the 
blood when it is injected into a fresh animal repro- 
daces a typical acute attack. 
Tt is noteworthy that o similar resistance to cer- 


fain drugs can be induced in trypanosomes when fy 


infected animals are given repeated injections of 
‘these preparatoins. If a sufficient quantity of one 
of drugs (atoxyl, fuchsin, trypan-red, etc.) 
is to an infected animal, a complete cure, 
b steriliantion of the body, may be obtained, In 
‘the erent, however, that an insufficient quantity 
rei the drag is administered, the organiama when 
fnto a subsequent animal may be entirely 

to the presence of the drug, which, con- 

ly, haz lost its therapeutic value against 

strain. It may be necessary to repeat this 
process through many passages before a high degree 
Lye) resistance is obtained, but when once estab- 
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lished it is of long duration. Such strains are 
called “‘chemoresistant.” It has also been shown 
that trypanocomes acquire a resistance to the 
germicidal properties of serum, as in the case of 
bacteria, 

In view of the fact that some micro-organisms 
produce a capsule when grown in the animal body, 
whereas it is absent in ordinary eulture media, it 
has been supposed by some that the capsule is an 
expression of adaptation on the part of the organ- 
ism to the germicidal agencies of the host, that it 
is perhaps protective in its character. Such 
observations have been made in relation to the 
anthrax bacillus (Deutsch and others), the strep- 
tococeux (Bordet, Marchand and others), and the 
plague bacillus (Léhlein).* This relationship, how- 
ever, ja not general, and can hardly be considered 
as thoroughly established. 

In addition to this more or loss passive adapta. 
ion on the part of micro-organisms, there is rea- 
son to believe that they may actually antagonize 
the protective agencies of the body, particularly 
the process of phagocytosis. Arloing and Cour 
mont, and Roger believed that bacteria secrete eub- 
stances which favor their growth in the body. 
Roger observed that an extract of the bacillus of 
symptomatic anthrax when injected into the rabbit 
favored infection with this organism. Bouchard 
spoke of such elements as substances favorisantes, 
Kruse (Zeigler's Beitrage, xii, 389) also believed 
that such substances exist and called them collect- 
ively lytische Sustanzen, Angriffstoffe, oder Lysine, 
He supposed that their effect was chiefly to neu- 
tralize the aloxins, the name which, at that time, 


2 Cited by Eisenberg, 1. & 
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was applied to the bactericidal substances of the 
serum. Their existence had no satisfactory sup- 
port at that time. 

_A little later van der Velde discovered that 
staphylococci secrete a substance which is toxic for 
lencocstes, the so-called Leucocidin, It appeared to 
be produced by strains of both high and low viru- 
lence. Still more recently it was discovered that 

produces a toxin which is 


leucoeytes may be a factor for the progress of 
infection, and may explain, at least in part, the 
resistance which virulent organisms show toward 
phagocytosis. A particularly significant obeerva- 
tion is that hy Rosenow, to the effect that virulent 
secrete a substance which has the 
of inhibiting phagocytosis, 1 substance to 
which the name of virulin was given, Virulin can 
be extracted from virulent cultures by means of 
salt solution, and after this has taken place the 
cocel have become susceptible to phagocytosis, Also 
after avirulent strains havo been treated with the 
extracted yirulin, and Jater separated from it by 
washing, they are found to have acquired resist- 
anee to phagocytosis. Eisenberg also observed that 
oblate are nated by the bacilli of 
symptomatic anthrax and malignant edema. He 
furthermore believes that it is a more or less com- 
men property of bacteria to produce such sub- 
stances in the course of infection, although they 
not be obtained under artificial conditions, 
that they are identical with the “aggrcssins” 
‘The correctness of this belief, however, 

not fully demonstrated. 
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Bail, discrediting the importance of th é germi- 
cial wubetanoe of the serum for netuma inne, 
ity, assigns to phagocytosis the essential rdle, and 
believes that ihe virulence of the parasites depends 


ipposed 
stances which were produced only in the body of 
the infected animal. When the organisms of 
typhoid, cholera, tuberculosis and other diseases, 


and are obtained froe from living micro-organiams 
by centrifugation and subsequent chemical sterili- 
zation of the overlying fluid. This fluid, when 
mixed with the homologous culture, has the power 
of rendering fatal a quantity of the culture which 
otherwise would be unable to produce infection, 
and the mixture may cause a very acute death of 
the experiment animal. Bail found all the more 
justification for ageuming the existence of this new 
(?) substance from the fact that immunization 
with the aggressins gives rise to a serum which 
has the power of neutralizing the effect of the 
aggressive exudate; hence such a serum was termed 
an antiaggressin, 

The studies of others, however (Wassermann and 
Citron, Doerr, Sanerbeck and others) indieate that 
the aggressins of Bail do not represent a new entity, 
Wassermann and Citron found that the “aggres- 
sins” as prepared by Bail are toxic, and that they 
may be obtained in artificial cultures as well as in 
the body of an animal, They probably represent 
nothing more than the cytoplasm of discolved bac- 
teria which may exert an inhibiting effect on pha- 
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gocytosis in more than one way. The toxic 
substances may injure the leucocytes to such an 
extent that they do not readily take wp the living 
organisms; since they represent disintegrated 
= they may, like the latter, absorb or 
” the opsonins of the plasma, on which 
esta depends, and thus prevent the action 
of the opsonins on the bacterial cells; similarly, 
they bind the bacteriolysins of the serum, and 
hence divert their action from the living cells; 
also, 8 ‘ince the dissolved organisms are toxic, when 
the “aggressine” are added to living cultures, the 
total toxicity for the animal is increased by just 
that much. There is also evidence to show that the 
most indifferent proteid substances when injected 
into an animal may decrease its resistance to infee- 
tion or intoxication for the moment. Thus Rick 
etts and Kirk found that a small quantity of egg 
albumin, broth, or normal serums (goat, guinen- 
pig) when injected into white mice, decrease the 
of the latter to a concomitant inocula- 
tion with tetanus toxin. The foreign substances 
‘were supposed to pre-engage the absorptive and 
Gigestive powers of varions cells (leucocytes, etc.), 
so that tle toxin was disposed of less readily, and 
more remained available for the highly susceptible 
nervous tiseuce. 

‘The remarks just made are not intended to cast 
doubt om the probability that pathogenic micro- 
organiems produce substances which are antago- 
nistic to phagocytosis, That tho latter action 
really occurs has already been indicated. 

Ta previous paragraphs attention was called to 
the fact that micro-organisms attempt to adapt 
themselves to their hosts, to the end that the latter 
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may be a more favorable medium for their exist- 
ence, Thus, they increase in virulence, and disarm 
the host by becoming resistant to its protective 
agencies, and even activi the latter, 
particularly as regards pitino hs by such 
means the natural immunity of the host is rendered 
inefficient. ‘The host, however, is not without its 
own reserve forces, and, in favorable cases, after 
infection ia once establizhed, it responds to the pres- 
ence of the micro-organisms by the production of 
a new supply of protective “antibodies,” the effect 
of which is to destroy larger numbers of the invad- 
ing organisms, or even to sterilize the body com- 
pletely. In the latter case recovery is the prob- 
able event, ‘This, again, may be looked on as a 
process of adaptation on the part of the host, in 
which it seeks to destroy or render less noxious the 
infecting microbes, 
In certain chronic infections it seems that a 
" mutual adaptation takes place, so that there ia a 
tendency for the host and parasite to live in a half- 
way state of harmony. Thus, in the acute stage 
of syphili, the “combat” between the hoet and the 
spirochetes is an active one. Eventually, however, 
it would seem that the host reacts by the produc- 
tion of protective antibodies, a condition which 
results in an amelioration of the symptoms. Since 
the micro-organisms may remain alive and viru- 
lent in the host for a long time after this has 
vceurred, it appears that they become habituated 
to the presence of the antibodies, while the host 
at the same time becomes habituated to the toxicity 
of the spirochetes. After the lapse of still further 
time the adaptation on the part of the patient 
appears to increase, and the microorganism also 
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Jozes in virulence, if we may judge from the low 
infectivity usually accredited to tertiary lesions, 
in spite of the fact that they contain the spiro- 
ehetes, This mutual adaptation, however, does not 
mean that the host escapes injury as a consequence 
‘of the infection, Similar conditions probably pre- 
vail in piroplssmosis and trypanosomiasis, or even 
in relapsing fever, a3 suggested previously. 

What has come to be known as the hypothesis of 
Welch may be mentioned in this connection. It 
muy be put in the form of the following question: 
If bacterial toxins and the constituents of bacterial 
cells 20 aet on the tiesne cells that the latter pro- 
duce bodies (antibodies) which are inimical to the 
bacteria, why may not the body fluids in turn so 
aet on the bacteria that the latter produce bodies 
(antibodies) which are inimical to the tissue cells? 
“Looked at from the point of view of the bac- 
terium, as well as from that of the animal host, 
according to the hypothesis advanced, the struggle 
between the bacteria and the body cells in infoc- 
tions may be conceived as an immunizing contest 
in which each participant ie etimulated by its 
opponent to the production of cytotoxins hostile 
to the other, and thereby endeavors to make itself 
immune against its antagonist” (Welch). 

‘That bacteria may acquire increased resistance 


oe Welton 


to the destrnctive agencies of the host was referred Ser 


to abore; but the hypothesic of Welch means a 
great deal more than the immunization of the bac- 
teria ngninst the defensive powers of the animal 
fat Not only may a bacterium during an infeo- 

more resistant to the bactericidal 
nll the body by producing antibodies to those 
bactericidal agencios. or by its ability to absorh 
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and dispose of a greater quantity of bacteriolysiu 
or opsonin ; and not only may a bacterium be able 
to respond to the presence of natural antitoxins in 
the body by the production of more toxin, the 


occurrence of which under artificial conditions was - 


shown by Wechsberg in relation to the diphtheria 
bacillus; but, in addition, certain constituents of 
our body fluids may, by combining with suitable 
bacterial receptors, stimulate the bacterium to the 
production of a whole shower of cytotoxins, which 
attack the leucocytes, erythrocytes, nerve cells, 
liver, kidney, ete. The nature of the animal sub- 
stances which may combine with the bacterial 
receptors and thus cause the formation of the bac- 
teriogenic cytotoxins is left an open question and 
is not of essential importance to the theory; it ia 
not uf ll necessary that they be toxie to the bac- 
terium, and they may even be taken up as food 
substances, Likewise the possible nature of the 
eytotoxins produced by the bacterium is of second- 
ary importance. It so happened that Welch 
assumed that they might he of the nature of ambo- 
ceptors which may be complemented by bacterial 
complement, by the circulating complement of the 
body or by endocomplements of the tissue cells. 
One could with equal reasonableness assume that 
they may be complete toxins, receptors of the sec- 
ond order, with a haplophorous and a toxophorous 
structure, 

In some support of this general hypothesis is the 
observation that the strongest Jencocidin (a toxin 
for leucocytes) can be obtained from the staphylo- 
coceus by inoculating this organism into a serous 
cavity of animals, the toxin being obtained subse- 
quently from the mixture of cocci and leucocytes. 
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Investigations have not advanced far toward the 
pwaitive determination of the correctness of the 


In Ehrlich’s conception of “atreptic” immunity, 
the possibility is entertained that micro-organisms 
‘sometimes may not be able to grow in a host 
because the nutritive conditions are not suitable. 
Tt probably would be granted that proper nutritive 
substances are present in the hoet, but it is assumed 
that they may be so intimately and firmly bound 
to other tissue constituents that they are not avail- 
able to the mioro-organieme as food. Virulent 

i jizms find the nutritive substances 

available, or, if this is not the condition, 
the injury which thoy effect on the tissues in the 
first instance results in a splitting of the con- 
stituents so that the food substance (rather a spe 
cific food substance) becomes available, Avirulent 
organisms not having the power to produce this 
splitting result do not proliferate to any great 
degree and soon become the prey of the protective 
Cae such as the leucocytes and bacteriolysins. 

‘ith this theory in mind, one recurs to the 
“exhaustion” theory of immunity at one time 
entertained by Pasteur, and cited in a previous 
chapter, ‘This difference appears, however, that in 
Pasteur’s theory an entire absence of suitable food 
was assumed, whereas in the atreptic theory the 
food substance may be present but not available for 
the use of the organisms, The atroptic theory is 
put forward as being a possible factor in resistance 
to some infections by some hoets, not, of course, as 
a theory intended to supplant other general 
theories of immunity. 
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TYPES OF MMMUNITY. 


By immunity we understand that condition in 
which an individual or a species of animal exhib- 
its unusual or complete resistance to an infection 
for which other individuals or other species show 
a groater or less dogree of susceptibility. Immune 
is from the Latin immunis, which originally ap- 
plied to one who was exempt from a public service, 
exempt from tribute, or free. Although the word 
retained this civil meaning for centuries, and still 
retains it in certain connections, it also had, even 
in ancient times, a limited application to the pro- 
tection which an individual might possess against 
poicons, It is seen, for example, in descriptions 
of a tribe inhabiting Northern Africa, the Paylli, 
who were said to possess a natural immunity to the 
bites of poisonous snakes. Although we may be 
certain from this and other references that a con- 
dition of immunity was recognized in very ancient 
times, the present significance of the term has 
developed largely from a better understanding of 
the nature of infectious disenses and of the condi- 
tions upon which the resistance of the body de- 
pends, 

As the definition suggests, we do not think of 


Immunity, immunity to such processes as Bright’s disease, 


arteriosclerosis or the metabolic disenses, but only 








NATURAL IMMUNITY. 129 
q to those which we have learned to recognize us 


infectious. The fact that an individual is free 
diabetes or any other metabolic disturb- 
‘ance, cannot be taken as indicating an immunity 
from these diseases. Inasmuch as the metabolic 
diseases appear to anens on the failure of certain 
organ to perform their functions normally, for 
Some one oF more reasons, we can only infer that 
in those who are free from such diseases the corre- 
organs are in a state of normal activity. 
y an individual or race which is free from 
disease because of lack of opportun- 
iy to contract it would not be classed as immune. 
Immunity has no necessary iapateer the 
of an oe jisease, 
Sees eee Ge tae cing aad otal? 
the most common examples of ee are soon 
im relation to such infections (us scarlet fever and 
smallpox). ‘Tetanus, on the other hand, which is 
absolutely non-contagious, can likewise give rise 
to a high degree of immunity. 
No modical fact is more widely known among 
people than that an attack of certain 
‘of our infectious diseases brings about some kind 
of change in the patient's tissues which protects 
him, or renders him immune, against further at- 
tacks of the same disease. Inasmuch as he was 
previously susceptible, the new property is an ac- 
quired on¢, and he is now said to possest an nc- 
quired immunity against this infection, 
Tt is also well known that many diseases which 
tnd Biologie not be inoculated into animals, 
are familiar with many examples 
nee which are confined to particular om 
The lower animals apparently can not be in- 
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fected with scarlet fever or measles, nor man with 
chicken cholera, The negro is less susceptible 
than the white man to yellow fever. The resist- 
ance which these examples illustrate exists natur- 
ally, not through baving the disease; it is a natural 
EET 

Natural immunity is, for the most part, an in- 
I erited condition; this certainly is the case where 
a whole class of animals is involved. Similarly, 
the susceptibility which is peculiar to a species 
must be hereditary. It is often said of some dis- 
eases that they “run in families; e. g., carcinoma, 
gout, insanity. This appears to be just as true of 
some infectious diseases, the most noteworthy ex- 
ample of which is probably tuberculosis. In con- 
trast to this inherited susceptibility is an inherited 
immunity, which may also “run in families.” It is 
not so easy to adduce examples of this We are in 
the habit of thinking of the individual who can 
resist: all infections as representing a standard, 
He, *however, is above the average in resistance, 
and the average is our proper standard for esti- 
mating the resistance of a species or race of ani« 
mala, It is undoubtedly true that come families 
possess an unusual resistamee to tuberculosis. 
Furthermore, experimental work with animals has 
proved that, within limits, an immunity to cer- 
tain infections (e. g., tetanus) acquired by a fe- 
male may be transmitted to her offspring. Such 
immunity, however, is very transient in character, 
and is “passive” ts type; it depends on the 
transfer of protective substances from the circula~ 
tion of the female parent to that of the embryo 
in utero, and some weeks after the birth of the Iat- 
ter these substances are eliminated and the immun- 
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ity disappears. Thut of the parent, however, per- 
sists for a much longer period; it is “active” in 
Peaneyl as explained later. Even in a given 

however, there are often marked variations 
uae and resistance. One child in a 
tamily may contract scarlet fever, while another, 
living under exactly the same conditions, may 


escape it. 

Susceptibility also is often acquired in a more 
or less evanescent way. The resistance of an indi- 
vidual may vary greatly at differont times and 
under different conditions. ‘These are accidental, 
acquired estates such as may be occasioned by 
exhaustion, hunger, exposure to cold and other 

jienic conditions. 


Hecontly, the existence of a specific acquired 
lity to various proteid substances and 
products has been determined by experi- 
mentation. An injection of serum or various pro- 
teids into the proper anima) renders it extremely 
susceptible to a second injection; and a person 
‘who is suifering from a particular infection shows 





: 


‘unusual sensitiveness to the products of the organ-* 


ism causing the infection, as shown by the tuber- 
ealin reaction of Koch. Such animals and indi- 
viduals are said to have been sensitized. This sub- 
ject will be disouseod later under “Anaphylaxie.” 
‘Many of these facts were familiar long before 
was known regarding the principles on 

which they depend. Subsequent to the discovery 
‘of some of these principles (to be considered 
later), it became convenient and necessary to rec- 
oymize other special types of immunity, although 
any type which can be conceived must still find a 
aes under either natural or acquired immunity. 
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Although such diseases as typhoid and cholera 
are accompanied by pronounced toxic symptoms, 
the poisonous substances seem to be integrally as- 
sociated with the bacterial protoplasm and not 
secreted in a soluble or diffusible form by the liv- 
ing cell; they are spoken of ag intracellular toxins 
or endotoxins. Observations point to the belief 
that the endotoxins are liberated only after the 
bacteria are killed and disgolved. When one, 
throngh infection, has acquired immunity to ty- 
phoid or cholera, his fresh serum is able to kill the 
rospoctive bacterium, but apparently is not able to 
neutralize its toxic substance. Hence, on the basis 
of the nature of the serum, immunity to such dis- 
cases is spoken of as antibacteris! rather than 
antitoxie, 

Although the subject is still in a developmental 
state, the conditions indicate that there are two 
factors in antibacterial immunity, one in whicl 
the plasma or serum has a marked power of kill- 
ing the microorganisms, the otier in which the 
destruction is largely by means of phagocytic cells. 
‘The former was just referred to. Both agencies 
operate in many infections, a in typhoid, cholera 
and others; whereas in other instances (strepto- 
cocci, staphylococci) phagocytosis is the only 
teetable protective agency, In most cases phago- 
cytosis cannot take place until certain constituents 
(opsonins) in the plasma or scrum have “sonei- 
tized” the bacteria. In ease of recovery the power 
of phagocytic destruction is usually enhanced. We 
have, therefore, to recognize phagocytic immunity 
as a type, or at least a5 an important factor, in 
both nitural and acquired resistance, 
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In contrast to infections of the type referred to 
above are others in which the rymptoms are pro- 
duced by soluble aie the Sella which are 


by the 
The steady which are so | charactoristic of 
tetanus are produced, not by contact of the bacteria 
with the nervous system, but rather through the 
specific soluble toxin which is secreted by the bacilli 
in the wound where they reside. This poison, or 


extern through the lymphatie or blood circulation, 
the bacterium itself not being transported. 'There- 
fore, although tetanus is a bacterial disease, it is 
at the snme time and in a peculiar sense a toxic 
disease. he scram of an animal which has 
acquired immunity to diphtheria or tetanus neu- 
tralizes the corresponding soluble toxin, but does 
‘hot necessarily injure the micro-organism itself. 
‘That is to say, the immunity is antitoxic. 
Experience has shown that this distinction 
between antibacterial and antitoxic immunity is 
an important one, and the differentiation is very 
sharp in some instances, particularly in acquired 
. Tn many examples of natural immun- 
;, the resistance cannot be attributed so specifie- 
to antibacterial or antitoxic serum properties, 
This is referred to later. 
the types of immunity referred to, the fuc- 
tors a. which the resistance appears to depend, 
i «, the germicidal or antitoxic action of the 
or the germicidal power of the leucoc 
Ae passe to experimental demonstration. We 
in familiar with another type of resistance, how- 
ever, which finds uo expression in the form of 
‘antitoxins or other antibodies. This relates par- 





Azntitoxte 
immunity. 





Active 
Immunity. 


Passive 
Immunity. 


14 INPHOTION AND IMMUNITY, 


ticularly to habituation to various drugs, as mor- 
phin, cocain or arsenic, to which a high resistance 
may be acquired. ‘The true explanation of euch 
resistance is not known, but it would appear to 
depend on some acquired property by the cells 
which were originally more susceptible; in other 
words, it would appear to be an immunity which 
is fixed in the celle, a static immunity, 20 to ay, 
if the expression may be coined. It may depend on 
habituation alone, on an increased power of de- 
stroying the poison by the cells, or on a decreased 
affinity of the cells for-the poison. 

A similar process may exist in acquired resist- 
ance to some of the more chronic infections, as 
tuberculosis, leprosy and others, although very lit- 
le is known definitely concerning it. 

Immunity which results from an infection de- 
pends on a specific reaction on the part of the 
tissue colle in response to the chemical injury pro- 
duced by the bacteria or their toxins, The indica- 
tions of the occurrence of such a reaction lie, first, 
in the recovery of the patient, and, second, in the 
new antitoxie or antibacterial power which may be 
demonstrated in the serum or the inereased phago- 
eytic power of his-dencoeytes. In view of the active 
part played by the body in establishing this new 
resistance, the condition is referred to as an active 
immunity. Tn the preparation of various anti- 
toxic and antibacterial cerums for therapeutic pur- 
poses, a condition of active immunity is deliberate. 
ly produced in the animals (the horse, for exam- 
ple) by the injection of the toxins or of the bac- 
teria. 

Contrariwise, the resistance which is established 
in an individual through the injection of an im- 


> 
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serum (such as diphtheria antitoxin) ix a 
immunity, since it depends on the intro- 


uu 


passive immunity, then, are varieties of ac- 
ired immunity. Depending on the disease 
‘the immunity, or on the character 
injected, they may be antibacterial 
i¢, or, to a certain extent, opsonic (pha- 


Witt 


of the types mentioned may be either Relative and 
partial) or absolute (complete). If the 
is absolute, infoction is impossible, If 
ive, different conditions may be made 
which would render infection possible ; 
iple, a large number of bueteria will often 
cause an infection where a smaller number fails 
to do so. There may also be a temporary decrease 
in one’s resistance through overwork, hunger or ex- 
posure. Immunity is usually relative. 
‘By proper combinations of the terms which Cjassideation 
ave been enumerated, one may describe #mewhat 
securately the different forms of immunity. Thus, 
a child which has received a prophylactic injec- 
tion of diphtheria antitoxin is in a state of ac- 
ive antitoxie immunity to diphtheria. 
immunity to typhoid has developed as a result 
‘of the disoase, the condition is that of an acquired 
netive antibacterial immunity, ete. Accordingly, 
the terms may be somewhat confusing, 
it is seen that they are in no sense contradictory. 
‘The following classification of the agencies which 
may contribute to immunity in one disease or 
another may be given, although we must recognize 
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that it probably does not include all conceivable 


factors, 
VACTORS IN IMMUNITY, 
Naronan, Domesry 

1. Antibacterial properties of fhe serum oF plnxma. 

2 Antibacterial properties of the leucocytes tn cooperation 
with opsoning (preparers for phagocytowls). 

A. Antlfoxic: propertien of the serum of plasm, resulting 
in a simple biodiog or neutralisation of toxins, 
Hypothetically, too, certain fermente of the body 
may split or decompose toxins. 

4. Total inmunceptibility of the body to endotoxins or ecto- 
toxin ‘There le tenson to believe isa that com- 
jasative rorlstance sometiues depeads on the fact 
that a toxin haw a stronger affinity for organs of less 
vital importance for the life of the Individual than it 
has for more Important organs. The chicken, for 
example, is very resistant to tetanus, although Ite 
serum contains no antitoxin, It ylelda, however, 
when inoculations are rade directly into the nervous 
Teeve. 

‘5. The “atreptic’ tmmunity of Burlleh, Ia which mlcro- 
organisms do pot find wultable food, or food In avatt 
able form, in the body af the host. his 4 theor 
al at present. 















Acguinen IncwoNer® : 

1, Increased antibacteriat properties of the serum oF 
plasmin. 

Increased phagocyte power of the leucocytes, and per- 
bape other phagocytic colle, depending on the Increnmed 
formation of opsonios 

4B, Increared antitoxle properties of the scrum or plaama, 

4. Hnbijuntion of the celle to bacterlal poisons 





Under 3 and 4, we may have also to consider an 
inereased power of splitting or digesting toxic sub- 
stances. Of this, however, we know nothing defi- 
nite, 

One and 3 (possibly also 2) may be passive as 
wel] as active. These subjects receive further con- 
sideration in subsequent chapters. 








CHAPTER IX. 





NATURAL IMMUNITY. 


Natural immunity to infection depends, firet, on 
certain obstacles to invasion which are afforded 
by the body surfaces and the germicidal effect of 
their seeretions ; and, second, on antibacterial and 
antitoxic forces which are present in the cells and 
Aids of tho interior body. 

(1) Protection Afforded by the Body Surfaces 

Virulent organisms (¢. g., staphylococci and ‘The kin. 

i) exist normally on the skin or be 
twoen the superficial horny celle, some exceptional 
cirenmatance being necessary, ¢. ¢., wounds, to en- 
able them to penetrate deeper and to cause disease, 
It is evident, then, that the physiologic shedding 
of the superficial horny cells and their continual 
reformation at a deeper level is a process caleu- 
Inted to rid the surface of the body of many micro- 
organisms, 

The question whether micro-organiams can ever 
penetrate the unbroken akin has been much dis- 
cussed. Although experiments have shown that 
traumatiem is not absolutely necessary, clinical 

i indicates that theeo so-called crypto- 
genetic infections are not of ready occurrence 
When they do occur, the infection atrium is prob- 
ably one of the glandular orifices. 

‘The sweat glands with their ducts, and the hair Cutaneous 
follicles with their appended sebaceous glands, 
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are vulnerable points in the defense which the 
cutancous surface represents. Although they are 
protected somewhat by the flow of their excretions, 
especially in warm weather, and although the en- 
trance of germs is made more difficult by the con- 
traction of the skin and consequent narrowing of 
the orifices in cold weather, yet various incidents 
may lead to the introduction and retention of 
virulent micro-organisms in these structures. 
When this occurs there is little difficulty in the 
way of their producing necrosis of the epithelium, 
invading ‘the surrounding tissue and causing a 
pustule, boil, carbuncle, cellulitis, or even a gen- 
eralized infection. The secretion of the sebaceous 
glands appears to be not germicidal, On the other 
hand, the acid nature and certain salts found in 
perspiration render this fluid antagonistic to the 
ee and virulence of cortain micro-organ- 
isms. 

‘The serous exudate, and the crust which forms 
subsequent to an abrasion, antagonize infection. 
The serum itself contains germicidal substances, 
while the crust mechanically prevents microbic 
invasion, 

Soluble poisons such as aconite and bacterial 
toxins are not absorbed through the unbroken skin. 

Even after germs penetrate the epidermis, the 
subcutaneous connective tissue is often an obstacle 
to their further extension. ‘The subentaneous in- 
jection of some micro-organisms (e. g., cholera) 
is tolerated better by animals than one given into 
the abdominal cavity or blood vessels. We are 
also familiar with the benign course of lupus 
compared with visceral tuberculosis; the same is 
true of cutancous and visceral glanders, This re- 
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‘sistance is explainable, at least in part, by the 
rapidity with which new connective tissue forms 
in the subcutaneous tissue, offering a mechanical 
limitation to the infection, and by the rich lymph 
supply which makes possible the rapid accumula- 
tion of bactericidal Iymph and of phagocytic cells. 
On the other hand, it must be mentioned that in 
some diseases the subcutaneous tissue offers no 
perceptible resistance to bacterial invasion 
(plague), and that toxins may be more virulent 
when introduced into this tissue than when in- 
jected into the abdominal cavity or the general 
cireulation (tetonus). 

‘The moist condition of mucous membranea has 
been found to favor the multiplication of many 
microbes, although mucus itself is said to atten- 
uate the virulence of some micro-organisms, as 
the pneumococcus ; mucus, however, is not actively 

jal. A layer of mucus, on the other hand, 
is 5 mechanical protection, and its constant excre- 
tlon fs a means of steadily removing bacteria from 
mucous surfaces. 

‘The conjunctiva is protected against infection 
by the mechanical interference of the cycbrows, 
eyelashes, irrigation of the conjunctival 
surface by tears which carry germs through the 
lachrymal duct into the nasal cavity, the ability 
of the conjunctival epithelium to repair itself 
rapidly, and the mild germicidal action of the 
salts which are present in the tears. These pro- 
tective agencics, however, are often eurmounted 
‘by micro-organisms, such as the pneumococcus, 

and the influenza bacillus. Many 
soluble poisons, aconite, diphtheria toxin and the 
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toxin of hay fever aro readily absorbed from the 
conjunctiva. 

Compared with the anterior nares, the posterior 
ave poor in micro-organisms: This. in at 
least, is due to the tortuosity of the channels, caus- 
ing dust and bacteria to strike the walls where 
they are held by a moist surface, and the action 
of the ciliated epithelium in carrying them imbed- 
ded in mucus, again toward the anterior nares. 
Nevertheless, the nasal mucous membrane is a 
common infection atrium for streptococei, staph- 
ylococei, diphtheria and influenza bacilli, the dip 
lococcus of epidemic meningitis, and, probably, for 
other infectious agents. 

Very many species of micro-organisms. flour> 
ish in the oral cavity, some of them being patho- 
genic: staphylococci, streptococei, pneumococci, 
and often diphtheria bacilli. "They are constantly 
romoved with the saliva, and through the exten- 
sive desquamation of the epidermis occasioned hy 
mastication. Saliva is not germicidal, but in- 
hibits the growth and weakens the virulence of 
some bacteria, The fetid breath and the sore 
didity observed in fevers wher tho mouth is dry 
are attributable at least in part to the lack of 
soliva with ite anti-infectious properties. The 
great rapidity with which woundé of the mouth 
heal is a potent factor in preventing serious infec- 
tions. 

Micro-organisms do not readily reach the ulti- 
mate ramifications of the bronchioles. In ordinary 
respiration the velocity of the inspired air is so 
reduced as it nears the alveoli that the further 
movement of the gases ia one of gradual diffusion 
more than of violent admixture. Consequently 
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there are greater opportunities for germs to come 
in contact fyith the bronchial walls where they 
become imbedded in mucus with which they may 
be expelled by coughing and the action of the 
ciliated epithelium. Both the alveolar epithelial 
cells and the leucocytes which enter the air sacs 
and bronchioles have been ehown to take up bac- 
teria. The conditions in the lungs which favor 
the development of infections, as bronchitis, pneu- 
monia, influenza, tuberculosie, are by no meang 
clearly understood. Variations in individual 
resistance, here as in other parts of the body, euch 
‘as may be caused by exposure to cold, are certainly 
of great importance, It is probable that the lung 
is the infection atrium for a number of our acute 
infections diseases, It has been demonstrated that 
systemic infections, as with anthrax bacilli, may 
be caused by the inhalation of the micro-organisms, 
‘The gastric juice, through the hydrochloric 
acid it contains, is able to kill anthrax, typhoid, 
taberele bacilli, cholera vibrio and other organ- 
isms. Clinical and experimental evidence shows 
that this power is often inadequate, virulent 
ini endl reaching the intestines in spite 
it (typo typhoid, cholera, dysentery, tuberculosis, 

it is probable that bacteria in the stomach 

are often protected against the action of the gas- 
trie juice to some extent by being imbedded in 
‘solid particles of food. Certain acidophilic germs, 
faa well as yeasts and torulm, seem to flourish in the 
gastric secretions; these are largely non-patho- 
genic, but the regularity with which peritonitis 
follows perforating wounds of the stomach indi- 
cates that it probably always contains pathogenic 
bacteria, though it may be only their temporary 
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ing) seems to be uninfluenced by the stomach con- 
tents, as the development of the intoxication indi- 
cates, Vomiting is often a means of ridding the 
stomach of toxic substances, including bacteria. 
‘The stomach itself is exceptionally free from in- 
fections. 

The bile is moderately bactericidal for some 
germs, but, on the whole, the intestinal secretions 
have low germicidal powers; this is indicated by 
the fact that the colon contains many more bac- 
teria than the duodenum, On the other hand, 
the pancreatic juice destroys some toxins (diph- 
theria, tetanus) more powerfully even than the 
gastric juice. This ability of the pancreatic juice 
to destroy toxic bacterial products may explain the 
more froquent occurrence of enteritis in the ileum 
than in the duodenum. The bile also has a neu- 
tralizing power for some toxins, Although a num- 
ber of pathogenic bacteria inhabit the intestinal 
tract (colon bacillus, streptococci, etc.), they do 
not often set up inflammatory processes in the 
adult, The tissues become accustomed to their 
presence. The pathogenic bacteria which do not 
normally exist in the intestines are those which, 
on introduction, are most, likely to cause discase 
(typhoid, cholera, dysentery, ete.). The intesti- 
nal tract of the infant, on the other hand, is fre- 
quontly attacked by some micro-organisms (atrep- 
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tocveeus, colon bacillus, Bacillus pyocyaneus), 
which in the same locality in the adult appear 
harmless. The fact that many individuals are not 
stricken in am epidemic, in which all are equally 
exposed to infection, points to the probability that 
pathogenic organisms (typhoid, cholera and dys- 
entery) often traverse the intestinal canal without 
‘inducing disease. Naturally, microbes are elimi- 
nated in enormous quantities in the feces, and in 

states this elimination iz increased 
by diarrhea. Tt is also not to be forgotten that the 
intestinal tract ie, to a considerable extent, a 
lymphoid organ, and that in the presence of infoc- 
tion enormous quantities of phagocytes can be 
called into action quickly. 

‘The protective properties of the genilo-urinary 
surfaces are not different in principle from those 
already mentioned (vaginal acidity, mechanical 
and perhaps bactericidal cleansing by the men- 
straal flow, urinary irrigation). 


(2) Internat Protective Agencies. 
A. Inflammation. 
there are many chemical and physical 
na which ma; y canso inflammation, we are in- 
— here only in those of an infectious na- 


See aecation may be conzidered as a reactive nature of 
condition on the part of the tissues, which devel- '*™@mmatt 
ope in yeeaad to the action of some injurious 
agent, The may be benoficial in some in- 

Ramee, while in others it may be pernicious from 

to the end, The thickening of the 
cnet of the cerebral vessels as one sees it 
in syphilis is a progressive, reactive change which 
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in no sense can be of benefit to the individual, and 
which can bave no conceivable function in over- 
coming the syphilitic infection. Likewive, the new- 
formed connective tissue seen in alcoholic cirrho- 
sis of the liver is of no benefit to the hepatic tissue, 
though it may serve in some degree to protect the 
liver cells from the aleohol which continues to be 
ingested. In an ulcer of the cornea the presence 
of serum and of leucocytes, as well as the prolifer- 
ation of connective tissue, may be the sine qua non 
for the healing of the ulcer, yet the resulting scar 
may grestly impair the vieion. The inflammation 
in the instances cited is injurious because of the 
functional importance of the tissues involved. On 
the other hand, an extensive scar which has 
formed in tissues of legs functional importance, 
as in the skin and subentaneons tissne, may be 
harmless. 

It is, then, to be recognized that there are certain 
consequences of the inflammatory reaction, the 
seriousness of which depends on the situation, 
severity, duration and extent of the process. and 
that these consequences are independent of any 
protective function the inflammation may have 
exercised, 

The amount and character of the reaction are 
subject to many variations, depending on a num- 
ber of conditions: 

1. It varies with the nature of the microbe, 
Non-pathogenic organisms induce little more in- 
flammation than so many minute, inanimate, 
non-toxic particles. The tubercle bacillus causes 
especially the formation of connective tissuc, 
giant cells and the accumulation of lymphoid 
célls, aside from ome retrogressive changes char- 
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aeteristie of the disease. Organisms similar to 
the streptococeus and pneumococcus lead to the 
formation of pus and fibrin, to the accumulation 
of serum and of polymorphonuclear leucocytes 
more than mononuelears, whereas the prolifera- 
tion of fixed tissue elements is secondary. The 
tetanus bacillus alone causes almost no local in- 
flammatory change. 

2. The reaction is influenced by the virulence 
of @ particular strain. A streptococcus which 
has lost its virulence is disposed of by the animal 
tissues with a minimum tissue reaction, perhaps 
no more than slight. congestion and edema and 
the wandering in of a few leucocytes; one of high- 
er virulence causes an intense reaction, mani- 
fested by congestion, edema, hemorrhages, necro- 
sis and pus formation; then streptococci of such 
great virulence that they destroy life in the course 
of a few hours are occasionally encountered in 
wound infections and in peritonitis, having in the 
meantime elicited a minimum inflammatory reac- 
tion. 

8. It has a relation to the resistance or the nat- 
ural immunity of the individual, Moetchnikoff, 
im particular, bas shown that animals of high re- 
sistance to 9 particular microbe destroy tho germ 
asad by phagoeytosis, while in susceptible ani 

inals the accumulation and activity of phagocytic 
Jencocytes are deficient. 

‘The occurrence of leucocytes in inflammatory 
conditions is so characteristic that one naturally 
secks to associate their presence with some in- 
fluence which is exerted by the toxic substance or 
the bacterin which cause the inflammation. It is 
‘a long-known fact that some microbes attract one 
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kind of lencocyte, that others attract another 
kind, and that in still other instances the }euco- 


‘The phenomenon of living cells moving toward 
or away from certain other cells or substances is 
an expression of affinity and this affinity is known 
ag chemotaxis; the former is positive, the lat- 
ter negative, chemotaxis. ‘There is a somewhat 
bas law, but one to which exist, 

that, regardless of the microbe involved, the more 
acute the inflammatory process the more do poly- 
morphonuclear leucocytes accumulate, while in 
the more chronic infections, with much connec- 
tive tissue formation, the mononuclear leucocytes 

minate. Thus in tuberculosis one finds 
lymphocytes and plasma cells—mononuclears— 
predominating greatly over the polymorphonu- 
clears. In the acute purulent infections, on the 
other hand—streptococcus, staphylococcus, pneu- 
mococeus—the latter type of leucocyte predomi- 
nates, the mononaclears being fewer und remain- 
ing at a distance from the center of action. There 
is reason to believe that the mononuclear leuco- 
cytes play an important, though perhaps indirect, 
role in the formation of the connective tissue 

‘The ingestion of particles by living cells, phago- 
eytosis, is a property which many cells possess, 
Although micro-organisms and inanimate parti- 
eles aro sometimes found in epithelial cells, cor 
tain of the mesoblastic cellx have this fonction 
pre-eminently : polymorphonuciear leucocytes, large 
mononuclear leucocytes (lymphocytes), ameboid 
connective tissue and endothelial cells. Of these 
the polymorphonnelear leucocytes, the microphages 
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fea ree the greatest phagocytic power; 
others, the 


microbes; indeed, opponents of Metchnikoff’s pha- 
gooytic theory of immunity held that phagocytosis 
‘by wandering cells may be, and often is, pernicious, 
in that the cells may return to the circulation and 
the infection to other parts. This is prob- 

true in eee instances. But when we 
variate pearing the bacteria the phago- 
able to kill and digest them, it is 

the procese may be a genuine pro- 

tective factor. This being true, the importance of 
positive chemotaxis in recovery from an infection 
becomes manifest, It is also reprosented that 
phagocytic cells have the power of excreting their 
germicidal eubstances into the plasma and serum 
and lending to the latter a bactericidal power. 
Furthermore, it is held that they may absorb liquid 
toxins, and in some manner de- 

stroy their toxicity. As shown later, these are es- 
a points in the phagocytic theory of immun- 


date which is con present in inflammations, 
especially the acute, may be of influence in com- 
bating the infection. Serum may contain natural 
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antitoxine, and, in addition, it may be of value 
in lewening the toxicity of poisons by diluting 
them, aiding in their elimination, or destroying 
them by means of ferments (1). 

‘The abundant deposit of fibrin seen in some in- 
flammations is of mechanical value by hemming 
in the infection and by offering « barrier to the 
rapid diffusion of toxins, We are all familiar 
with the part played by fibrinous and fibrous ad- 
hesions in preventing a localized peritonitis from 
becoming gencralized. In prolonged inflamma- 
tions fibrin furnishes a ground substanee into 
which new connective tissue and yersels grow (or 
ganization). 

‘The new-formed connective tissue sven in many 
inflammations, especially the chronic, as in tuber- 
culesis and actinomycosis, offers an im t 
barrier to the extension of an infection, Perhaps 
no better example of this could be cited than the 
dense tissue which forms around a tuberculous 
sinus or abscess, 

To sum up, the inflammatory reaction antago- 
nizes infections, (1) mechanically, through the 
formation of new connective tissue around the 
focus, and dense accumulations of leucocytes and 
fibrin; (2) through the bactericidal and antitoxic 
actions of the lymph and scram; (3) through the 
phagocytic action of ameboid cells. 

‘The value of hot applications, and Bier’s passive 
congestion treatment, in focal inflammations, finds 
a logical explanation in view of the facts men- 
tioned, in that they increare congestion, which 
hastens the exudation of plasma and leucocytes 
and the proliferation of cells, and accelerate the 
climination of toxic substances. 
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The special features of the phagocytic theory of 
immunity are considered in a later chapter. For 
many details in regard to inflammation. the reader 
is referred to the classic article of Adami on this 
subject in the first volume of Allbutt’s 
Medicine.” 


B. Properties of the Serum and Plasma. 


We have seen that the protection afforded by 
the body surfaces may be effective against both 
microbes and their toxins, and that local inflam- 
matory processes, although most certainly antago- 
nizing the bacteria, may at the same time have 
some antitoxic value. 

The term “natural immunity,” however, as indi- 
cated in the preceding chapter, has a peculiar appli- 
cation to the natural resistance of some species or 
races of animals to infections to which other spe- 
cies or races are susceptible; and to an unusual in- 
dividual resistance often seen in members of a 
given race or species. This condition depends on 
properties residing in the tissues or fluids of the 
body, and consequently is independent of any pro- 
tection which the body surfaces afford. Its pres- 
ence is demonstrated in the most striking man- 
ner by the experimental method, when micro-or- 
ganisms or toxins are injected directly into the tis- 
sues or circulation. At the same time every-day 
observation provides many examples. 

In certain instances natural immunity or sus 
ceptibility shows a relation to zoological affinities. 
Thus only man and the higher apes are susceptible 
to syphilis; and only animals which are closely 
related to cattle, as sheep, goats and other rumi- 
nants, suffer from rinderpest. There are many 
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‘exceptions to this tendency, however; perhaps the 
most striking example is found in the fact that 
whereas sheep ordinarily are extremely susceptible 
to anthrax, Algerian sheep are relatively immune. 
Similarly the white rat is immune (relatively) 
and the wild rat is susceptible to anthrax. 

Natural immunity may depend on a Jack of 
pathogenicity on the part of the organism for the 
hast, which is equivalent to insusceptibility on the 
part of the host; or, on the presence in the host 
of a eufficiont quantity of antibacterial and anti- 
toxic substances; or, as suggested by Ehrlich, on 
the inability of the micro-organism to proliferate 
in the host because proper nutritive substances are 
not present, or, if present, are bound to other sub- 
stances in such a way that they are not available as 
food for the organisms. 

As atated in the preceding chapter, immunity 
may be either antibacterial or antitoxic, i.e. the 
immunity may in one cuse depend on the power 
of the animal's tissues and fluids to destroy the 
micro-organiema, or, in another, on their power 
to neutralize or destroy the bacterial toxins. 

‘The distinction between antibacterial and anti- 
toxic immunity is demonstrated more readily in 
acquired than in natural immunity. When one 
has recovered from typhoid fever, for example, hia 
serum has acquired un increased power of killing 
the typhoid bacillus, while at the same time it 
appears to have little or no power of neutralizing 
the poisons of this organism. Acquired immunity 
to diphtheria, on the other hand, is characterized 
by the power of the serum to neutralize the toxin 
of the diphtheria bacillus, although it hardly 
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exceeds normal seram in its bactericidal power for 
the bacillus itself. 
ascertained by observation or experi- 


Determina- 
flow of 


Having 
ment that a certain species has a degree of immun- ‘Types of 


ity to an infection, certain lines of investigation 
may be followed for the purpose of determining 
the character of the immunity. If the animal 
fails to become infected following the injection 
of a living and virulent culture, it is fair to assume 
that the organisms have been killed within the 
body of the animal. That this has been the result 
may, indeed, be determined by microscopic exam- 
ination of the different tissues.and by the inocula- 
tion of culture media. It is often desirable to 
determine the extent to which micro-organisms 
are eliminated through the excretions (urine and 
feces) ; this is best done by the culture method, 
but it is often a difficult technical problem. 

‘The natural antibacterial forces with which we 
are familiar consist of the germicidal action of 
the serum and plasma, and the phagocytic and 
destructive action of the leucocytes, endothelial and 
gue other cells, It is difficult to obtain sat- 

ry results by a study of these forces within 
the body of the animal, particularly as regards the 
bactericidal action of the serum and plasma, hence 
such studies are usually carried on outside the 
body. Such experiments are open to the criticism, 
Tiowever, that the artificial conditions are far 
removed from those of the body, and that the 
results do not always justify us in drawing con- 
clusions regarding the course of events within the 
body. Phagocytosis under natural conditions is 
tore susceptible to study, and it is to be remem- 
bered that Metchnikoff came to his far-reaching 
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conclusions regarding the importance of phagocy- 
tosis purely from a study of the process in vivo, In 
spite of this we have come to a better understand- 
ing of the mechanism of phagocytosis by studies 
of the phenomenon under artificial conditions, as 
will appear later, 

In determining the germicidal action of serum, 
which should be freshly obtained, it may be 
mixed with a suspension of the microbes in a 
number of test-tubes, varying amounts of serum 
being used with constant amounts of the bacteria 
in the different tubes. At a subsequent period, 
from three to twenty-four hours later, cultures on 
Petri plates are made from these mixtures. The 
numbers of colonies which appear in these cultures, 
compared with the number which appear when 
serum is not added, is an index of the bactericidal 
power of the serum. If this power is found to be 
high, it is, in the present state of our knowledge, 
considered a presumptive evidence that the nat- 
ural immunity of the animal depends on it, at 
Jeast in part, It is, nevertheless, a fact that the 
antibacterial immunity of an animal docs not 
always go hand in hand with the bactericidal power 
of its serum. A well-known illustration of this is 
the following: Both the dog and the rat have a 
rather high degree of immunity against infections 
with the anthrax bacillus; yet it has been found 
that the serum of the dog has almost no bactori- 
cidal effect on this microbe, while that of the rat 
hae a very strong effect. At the same time we 
should remember that the buctericidal power of the 
serum docs not necessarily represent the entire 
antibacterial function of the body. In the serum 
we have none of the body cells, and especially none 
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of the phagocytes, the destructive action of which 
on some bacteria is well known, Many micro- 
organizms, indeed, which are not destroyed by 
serum at all, are readily ingested and killed by 
leucocytes (staphylococci, streptococci). 

AS o consequence of fundamental studies by 
Denys and Le Clef, by Leishman, by A. E. Wright 
and others, it is now possible to study phagocytosis 
fn vitro with a degree of accuracy not to be approx- 
itnated in the living body, It has been learned that 
Teucocytes, as a rule, are not able to take up bac- 
teria until the latter have been acted on (sensi- 
tized) by some substance which is contained in the 
scrum. Wright gave the name of “opsonins” to 
these substances. Some of them are susceptible to 
heat (55 C.), while others are much more resist- 
ant. To the latter, which are greatly increased by 
infection or artificial immunization, Neufeld has 
applied the term “bacteriotropins.” 

Leishman’s method is to mix a suspension of 
the bacteria with defibrinated blood (containing 
Ieucocytes), incubate the mixture for fifteen or 
more minutes, to make and stain spread prepara- 
Hons on slides, and then count the number of bac- 
teria which have been ingested by the leucocytes. 
‘The average number taken up by fifty or more leu- 
cocytes constitutes the “phagocytic index.” Wright 
has yaried this technic in order to study the opson- 
ins quantitatively, as will be described later. 

Experimente have shown that all normal serums 
contain opsonins for a variety of micro-organisms, 
and all micro-organisms are susceptible to phagocy- 
tosia by the blood of one or more animals, in case 
their virulence ix not excessive. We have every 
reason, therefore, to believe that phagocytosis ix 
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an important natural protective factor, and in 
some instances it is the only one which ean be 
actually demonstrated, as in the case of staphylo- 
cocel and streptococci, 

‘That organisms are often destroyed after being 
ingested by the leucocytes is manifest from. 
in form which they undergo, and from the less of 
their staining power. Cultivation experiments 
have aleo shown that the leucocytes are able to 


_kill certain bacteria, In such experiments, the 


technic which was mentioned in testing the bac- 
tericidal power of serum may be used, in this case, 
however, substituting defibrinated blood, which 
contains loucocytes, in place of the serum. If the 
bactericidal power of the defibrinated blood is 
greater than that of the serum alone, the effect of 
the leucocytes becomes apparent. 

At a time when the antitoxie action of serums 
was not appreciated, Buchner gave the name of 
alexins (from the Greek, afer, to ward off) to 
the protective substances of the serum, i. ¢., to the 
bactericidal substances, making the observation 
that they were very labile substances, losing their 
power spontaneously in a few days when exposed 
to the air and light, or when they were heated at 
55 ©. for thirty minutes. As will be indicated 
later, the “alerins” are more complex than Buchner 
supposed, 

{ determining the presence or absence of anti- 
toxic immunity, the toxin of the microbe, of 
course, must first be in hand. ‘lhe methods of ob- 
taining toxins will be referred to later. Tf the 
animal resiets a dose of toxin which, in proportion 
to weight, produces disease in some other suscepti- 
ble animal, the tissues or fluids of the first animal 
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or may not, contain antitoxin. If the resist- 
Oo et hate at gre 
Intter may be detected in the following manner: 
‘The animal Is bled, its serum collected from the 
clot, then mixtures of the serum and of the toxin 
eee animals of known eusceptibility 
for the toxin. If the test animal is in this way 
protected from an ee eae seal dona et the fos, 


for non-susceptibility of the tissues, 
power of the living cells or ferments to destroy the 
toxin, or absorption of the toxin by tissues of sec- 

ondary importance to life. 
Fol this method of experimentation, if 
properties are found to the exclusion 


toxic, or dependent on non-susceptibility. It is, of 
couree, conceivable that in a given cage it might be 
both antifoxic and antibacterial. In dealing with 
iseases of which the specific microbe is known 
and cultivated, the existence of antibacterial or of 
antitoxic substances ean usually be found by the 
7 peoamenra If the, etiology is unknown, or 

m! cannot be cultivated, as in 
scarlet fever, measles, ete., that is, if the virus and 
its toxin cannot be obtained in quantities, the 
‘nature of the resistance is not at present open to 


At is seldom that natural resistance is absolute, 
‘Pastour found that the great immunity of the 
chicken for anthrax could be overcome by im: 
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mersing the animal in cold water, the reduction 
in body temperature supposedly decreasing the re- 
sistance, It was stated previously that physical 
exhaustion, hunger and exposure to cold may also 
reduce natural resitance. Peetilence and famine 
often go hand in hand. 

Similarly, immunity to toxins usually is rela- 
tive. As an illustration of natural immunity to 
toxins, the following table serves x good purpose, 
The horse is the animal of greatest susceptibility 
to tetanus toxin, If the minimum fatal amount of 
one gram of horse weight is taken as a unit, this 
ecale of resistance for some other animals is 
obtained (Knorr) : 

Yor 1 gram of gatnea-piq wolabt. . o.. + 
For 1 gram of gont weight 
For 1 gram of mouse welaht . 


For 1 gram of rabbit weight. - 
For] gram of chicken weight. . 


ln view of the high immunity of the chicken 
against tetanus, one may be led to suppose that its 
forum would contain a large amount of antitoxin, 
yet experiments show that it possesses practically 
no tetanus antitoxin. This fact suggests that 
there is a distinct type of natural immunity 
which, it is thought, may be independent of both 
the antibacterial and the antitoxie properties of 
the body. : 

It is now thought that the toxic elements of bac- 
teria are chemical substances (very complex, 
surely) which are able to injure the tissues, i. e., 
to cause disease, only by entering into chemical 
union with substances which the cells contain. 
Such chemical substances or groups, pertaining 
to the cells, will be referred to later under the 
name of cell receptor. Accordingly, if the cells 


2 umivs are fatal 
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of an anima do not possess groups or receptors 
which are capable of forming a chemical union 
with the toxin, the latter would be unable to pro- 
ence inj i. e, the animal would be immune 
even im the absence of all bactericidal or antitoxic 
properties. This condition. however, is not one 
which is capable of satisfactory demonstration. 
at least at present, but the conditions point irre- 
sistibly to its existence in some cases. 

We are accordingly led to the conclusion that 
immunity to toxins is not in all cases antitoxic, 
in the sense that the seram contains demonstrable 
antitoxin ; and likewise that immunity to bacteria 
is not in all cases antibacterial, in the sense that 
the serum contains substances which are able to 
Kill the bacteria in test-tube experiments. Non- 
susceptibility and phagocytosis may be of impor- 
tance in resistance of this type. 

There is another factor, however, which may 1 
throw light on the type of natural immunity just 
considered. We know that tetanus toxin causes 
tetanus through its power of uniting with the 
nerve cells, and we may consider that tetanus is 
a very fatal disease. primarily because of the vital 
nature of the tissue which it attacks. Now, if the 
toxin, instead of uniting with the cells of a vital 
organ, were to combine with cells of less impor- 
tance to the economy. as, for example. the cells 
of the subcutaneous tissue, it is probable that we 
should have no tetanus. In some of the lower ani- 
mals there is reason to believe that the toxin of 
tetanus does unite with such tissue (Metchnikoff). 
Roux and Borrel believe that the greater degree of 
immunity to tetanus which the rabbit has over the 
guinea-pig is due largely to the fact that the rab- 
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bit’s liver is able to fix a great deal of the toxin. 
And Metchnikoff has found that the liver of the 
scorpion, which has an absolute immunity to tet- 
anus, absorbs the toxin and retains it for months, 

We may, then, enumerate the following as the 
factors which probably are responsible for the dif- 

ferent grades of natural immunity and suscepti- 
bility to various bacteria and their,toxins; the 
bactericidal and antitoxie powers of the serum and 
plasma; the destructive effects of the phagocytes 
and other cells on both bacteria and toxms; a pos 
aible absolute non-susceptibility in some cages (the 
absolute non-existence of suitable cell receptors) ; 
the lack of suitable available food for the micro- 
organieme in some instances (atreptic immunity; 
sce the preceding chapter) ; the overwhelming dis- 
tribution of the “suitable” cell receptors in organs 
of less vital necessity: for the individual, thus 
diverting the poisons from the more important 
organs. 

‘This knowledge is very general, Bawevery and in 
many specific instances we continue to be in doubt 
regarding the exact conditions which are respon- 
sible for natural immunity and susceptibility. We 
have no reason to believe that any one factor is 
operative for all infections, although phagocytosis 
appears to be more general in its action than the 
other processes mentioned. Bach disease must be 
studied as a unit in relation to each species of 
animal. In one instance the resistance or suseepti- 
bility may depend on the bactericidal power of the 
body fluids; in another, on the germicidal action 
of the leucocytes and other cells; in another, on the 
antitoxic (destructive) action of the cells or fer- 
ments with or without the presence of true “anti- 





HEMOLYSI8. 159 


toxins” in the geram, ete. There is reazon to 
believe that two or more different protective proc- 
esses may come into operation at the same time 
againet a given infection. 

Regarding natural antitoxic immunity, it seems 
probable that we have no example in which 
ihe resistance ean be satisfactorily explained solely 
by the quantity of “antitoxins” which are dem- 
onstrable in the serum ; rather we must assume the 
existence of other means of destroying and resist~ 
ing toxins, as mentioned abore. 

Th order that a pathogenic organism may pro- 
Quce a progressively fatal disease in a susceptible 
animal, the following obstacles must be sur- 
mounted: The strong defenses of the body sur- 
faces must first be overcome ; a local inflammatory 
reaction which may have been excited must first 
prove itself to be inadequate for the limitation of 
the infection; there must be an insufficient supply 
‘or insufficient activity of antimicrobie and anti- 
toxic processes in the body fluids and cells. 


Other Properties of Normal Serums 


In addition to the bactericidal and antitoxic ac- ttemotyatn. 
tion of many normal serums, they often 


terest in the study of immunity. In earlier days 
it had been noted that the transfusion of blood 
from one species to another was often fatal to the 
injected animal. Later investigations showed 
that this waz due to toxic substances in the trans- 
fused blood ; substances which agglutinated and de- 
stroyed the ‘red blood cells of the injected animal. 
The process, in which the hemoglobin is dissolved 
out of the red blood cells, may be reproduced im 


am 
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test-tube experiments by mixing the blood cella of 
‘one animal with the serum of another which is 
toxic (¢. g., rabbit blood -- goat serum). ‘This is 
the phenomenon of hemolysis, and the appearance 
of such a tube is exactly like that seen when blood 
ig mixed with distilled water or even with tap 
water; i. ¢., it is a laking of the blood, it loses its 
opacity and assumes a beautiful cherry-red color. 
The scrum of practically every species contains a 
hemolytic substance (a serum hemolysin) for 
some kind of erythrocyte, 

Some serums also contain toxic agents for other 
cells; they are generally called seram cytotoxins. 
‘The serum of the eel not only contains a stronz 
hemolysin, or hemotoxin, but also a powerful 
polson for nervous tissue, neurotoxin. Similarly 
we have normal leucotoxins for leucocytes, nephro- 
toxina for kidney tissue, ete. 

Another property of many normal serums is 
that which causes agglutination or clumping of 
bacteria, as ane sees it in the Gruber-Widal test 
for typhoid. Even normal human serum may ag- 
glutinate the typhoid bacillus, but to a less degree 
than that of a typhoid patient, 

One serum often causes a precipitate in the 
serum of another animal, or in a bacterial culture 
filtrate. 

In many instances, a foreign serum which Is 
not particularly toxic on first injection, becomes 
very poisonous when administered (eubeutane- 
ously) a second time. (See “Anaphylaxis”) 

In considering these facts, one becomes con- 
scious of the great complexity of that substance 
which plays 20 important a part in immunity and 
its study—i. ¢., the blood serum. 
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CHAPTER X. 





ACQUIRED IMMUNITY. 

Acquired immunity may be either active or pas- 
sive; active when it arises as a consequence of 
infection or artificial immunization (vaccination) ; 
passive, when protective or curative serums are 


‘One who has recovered from scarlet fever, small- eth 


baa plague, typhoid fever, etc., becomes possessed 
of lasting protection against subsequent attacks. On 
the other hand, the immunity afforded by an nt- 
tack of certain other diseases usually is of shorter 
duration: cholera, diphtheria, pneumonia, ete, So 
far as known, the acquired protection ix specific 
in character: that is, a person who has had measles 
may still have scarlot fever; or an attack of cholera 
does not protect against a later attack of typhoid. 
In a number of diseases one attack confers no 
evident protection againet a second: gonorrhea, 
influenza, recurrent fever and malaria, Some dis- 
eases may create a predisposition for recurrence: 
@rysipelas, influenza, diphtheria in some instances, 
althongh a natural susceptibility of the individual 
may explain repeated attacks. The mere fact of 
recovery, however, is sufficient evidence of at least 
a temporary immunity. It is evident, therefore, 
that among the yarious infectious diseases different 
grades of active immunity must be recognized. 
Certain chronic diseases are of particular inter- 
et in this connection, as pointed out in Chapter 
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VII. On first thought it would seem that immun- 


—4 ity can have no place in an infection of long dura- 


tion, from which recovery is rare or does not oecur. 
‘This, however, ix not necessarily true, and the very 
chronicity of the infection may in some instances 
depend on the establishment of a certain di 
acquired immunity. It is, of course, possible that 
in other instances chronicity depends on a low 
degree of virulence on the part of the micro- 
organieme or a low natural susceptibility on the 
part of the host. Sleeping sickness may be taken 
as an example of a chronic disease, the prolonged 
course of which, in all probability, depends on the 
formation of protective substances. This is indi- 
cated from the fact that an acute is followed by a 
chronic stage, At the height of the acute stage 
trypanosomes are very numerous in the blood, bat 
after a time their number decreases and eventually 
it is diMcult to find them except in organs which 
serve as reservoirs for them. Ehrlich speaks of 
this type of immunity as Immunitas non sterili- 
sans. It may disappear more or less completely, 
its disappearance being marked by a recurrence of 
acute trypanosomiagis. 

‘The existence of this temporary immunity to 
trypanosomiasis was demonstrated in mice by 
Franke. When mice, infected with mal de caderas 
(a variety of trypanosomiasis) are given an injec- 
tion of a sufficient quantity of “trypanrot,” all the 
trypanosomes are killed and the cure is immediate, 
If o smaller quantity of “trypanrot” is injected, it 
may *till be sufficient to froe the circulation from 
parasites for twenty or thirty days, after which 
general invasion again occurs. During this period 
of comparative freedom from parasites the animals 


i 
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are relatively immune, which is shown by inability 
to reinfect them with trypanosomes of the same 
species; Aiter this period is passed they succumb 
vory quickly. ‘That the heightened resislance is 
not due to the presence of a residuum of “trypan- 
rot” in the body is shown by the fact that suscepti- 
bility for other species of trypanosomes (as' 
magana) is retained. In other words, this tem- 
porary immunity is somewhat, if not absolutely, 
specific. It probably is brought about by rapid 
active immunization consequent on the disintegra~ 
tion of many parasites following the administra~ 
tion of the “trypanrot.”” 

‘The conditions in syphilis and_piroplasmosis 
would seem to be similar to that in sleeping sick- 
., during and following genera] invasion, 
reinfection from withont does not occur, althougl: 
the disease is still active in some part of the body. 
Tn both syphilis and trypanosomiasis reinvasion 
from within may occur, presumably following the 
disappearance of the temporary immunity. 

Tn still another infection, relapsing fever, it 
would seem to be similar to that in sleeping sick- 
and reinvasion alternate before the course is com- 
Pleted. Tt is not clear why the micro-organisms 
‘are not entirely killed off during the periods of 
temporary immunity. Several factors may be 
involved. During the periods of remission the 
spirilla leave the general cireulation and are found 
‘in come of the solid organe, particularly the spleen. 
At this time they may be protected to some degree 
by an existence in organs which are relatively free 
from germicidal agents. During this period alzo 
the less resistant organisms may be destroyed and 
those which remain may undergo an adaptation to 
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the protective agencies of the host, which would be 
equivalent to an immunization against the anti- 
bodies of the host, The recurrence of general 
invasion may also coincide with a disappearance of 
the genoral blood immunity. 

Concerning such chronic infections Ehrlich may 


=. 
fons. be quoted (‘Chomotherapeutische 


‘Trypanosomen- 
Studien,” Berl. Klin, Wekhnschr., 1907, No. 9-12); 
“In accordance with the views which Robert Koch 
has developed regarding malaria, [ assume that in 
various protozoan diseases an immunity of perma~ 
nent character is far from occurring as readily as 
in the majority of the bacterial diseases, and that 
‘8 certain degree of permanent immunity, charac- 
terized by the presence of antibodies, is obtained 
only after prolonged invasion of the body, demand- 
ing particularly a large number of recurrences, 
If the immunity attained is not sufficient to 
destroy all the parasites, those which remain 
accommodste themselves to the injurious agents 
which are present.” 

It bas, indeed, been suggested that a general 
principle prevails to the effect that any infection 
im which an attack confers strong and lasting 
immunity must be bacterial rather than protozoan. 
im its etiology. This docs not imply, of course, 
that all bacterial diseases confer strong immunity; 
there are many examples to the contrary. iy 
stated, although a sufficient number of exam 
are known to render it of suggestive value in the 
study of diseases of unknown etiology. 

A very important factor for progress in artifi- 
cial immanity was the knowlnige that even a light 
sttack of an infection (ecarket fever, cholera, 
typhoid, smallpox) may be ficient in conferring 
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immunity, Such light attacks are frequent! 
noted a ba in epidemics, while eu 
nora? an epidemic is mild in character through- 
out. idemies of benign smallpox occur fre- 
quently. Tn these instances it seems probable that 
the mild character of the disease depends on the 
low virulence of the strain which causes the infec- 
tion; and the condition suggeste the possibility of 
artificial attenuation of virulent micro-organisms 
for the alle of inducing at will infections of a 
benign charact 

It might be sen 80 to modify the virus that Vacetmation. 
protection could be established without setting in 
motion the actual dieease even in a mild form. 
An attenuation of this nature had long been prac- 
ficed with smallpox virus, Before cowpox wax 
resorted to as a cource of vaccine, it had been the 
custom to inoculate the genuine virus of smallpox, 
for the purpose of producing immunity. Con- 
trary to the natural expectation, this method, 
instead of reproducing severe smallpox, often 
caused the modified divense culled variola inocu- 
Tata, This phenomenon may depend on the fact 
that the virus finds the skin and subeutancons 
tissue an unfavorable medium for the development 
of virulence; a condition which would be equiva- 
leat to an attenuation of the microbe. The patho- 
genicity of the cholera vibrio in animal experi- 
ments is affected similarly in subcutancous injec 
tions, It is now generally considered that cowpox 
is smallpox which has suffered a decrease in viru- 
lence because of itn passage through the cow, 

ly, when this weakened virus is planted 
dn the skin of man, where it may undergo further 
attenuation and produce the mildest possible form 
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of modified smallpox, we have an ideal vaccine. 
In a similar manner the virulence of the anthrax 
bacillus for sheep may be lessened by passing the 
organism through the dove. This method of de- 
creasing, or in some cases of increasing, the viru- 
lence of a micro-organism was referred to in Chap- 
ter VIT under “passage.” 

No single method of attenuation is suitable 
for all organisms, Pasteur found that cultures 
of the bacillus of chicken-cholera become so weak- 
ened when expozed to the action of light and air 
that they may safely be used as vaccine; also that 
the anthrax bacillus when grown at 42° C. is at- 
tenuated and docs not form spores, and conse- 
quently becomes a suitable vaccine for sheep and 
cattle. Of no less interest to us is Pasteur’s 
mothod of attenuating the virus of hydrophobia 
by desiccating the spinal cords of infected ani- 
mals (rabbits); the altered virus is then suitable 
for tho immunization of individuals who have 
been bitten by a rabid animal. 

Work of the past decade has ehown that sue- 
cessful vaccination js possible against cholera, 
typhoid and plague by the inoculation of aviru- 
lent cultures, or those which have been killed out- 
right by heat, In eo far ae we know the immunity 
which ix caused by vaccination or protective ine 
oculation is antibacterial, or, better, antimicrobic, 
This point, however, is difficult to determine in 
relation to diseases of unknown etiology, or in the 
event that the micro-organism docs not lend itself 
to the necessary experimental manipulations 
(smallpox, hydrophobia). Tt is possible that the 
protection may be largely antitoxic in somo 
instances, In Wright’s method of the therapeutic 
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inoculation of killed cultures or bacterial products 
(e. g, staphylococci, tuberculin) the attempt is 
definitely made to increase the opsonins and other 
antibodies in the patient's blood, 

‘One may ask if acquired immunity to bacteria 7H Serum 
and to toxins is due to the presence of the anti- tmmantey, 
bacterial and antitoxie substances which were 
mentioned in connection with natural immunity. 
Although normal serum is strongly bactericidal 
for the typhoid bacillus, the serum of one who has 
recovered from typhoid fever possesses this power 
to much greater degree, As this is true im many 
other bacterial infections, the new resistance is 
held to depend on the increase of bactericidal sub- 
stances in the serum. Similarly in acquired im- 
munity to diphtheria and to tetanus, the most 
conspicuous change is a great increase in the cor- 

ling antitoxins. ‘The result is the same, 
regardless of whether the immunity be produced 
by a natural attack of the disease, or by artificial 
fmmunization with the specific microbe or toxin. 
Accordingly it seems probable that acquired im- 
munity in these instances depends on the presence 
in the serum of an increased amount of properties 
which, to a certain degree, may be present nor- 
mally. On the other hand, acquired immunity is 
not always represented by an increase in the bac- 
tericidal or antitoxic power of the serum, Bac- 
tericidal antibodies may, indeod, be formed, but, if 
40, the micro-organisms concerned are not sus- 
ceptible to their action.’ This is the case with the 

4. By the method of complement Oxation, which will be 


later, St has indeod been shown that practically all 
, ‘are Able fo cause the formation of nome type of 


~— 








Opsontins. 


Tt was atated in tho section on nataral immun- 


* ity that the leucocytes, necting as phagocytes and 


ag resorptive cells, seem to be responsible, at least 
in part, for natural resistance to an infection, and 
there is now no lack of evidence to show that they 
are of great importance for acquired immunity, at 
Jeast in many instances. Particularly, Metehni- 
koff and his followers have provided us with many 
observations which go to prove this point, 

These investigators showed that in acquired 
immunity the phagocytes have a much greater 
eapacity for ingesting and killing bacteria and for 
absorbing and destroying toxins than when the 
animal is in a state of greater susceptibility, It is 
als concluded that the serum in active immunity 
owes its new or more powerful antibacterial, anti- 
toxic and other properties to the leucocytes, which 
under the influence of the infection have produced 
these substances in excess and excreted them into 
the plasma. 

The views of Metchnikoff regarding the impor- 
tance of phagocytosis have been greatly strength- 
ened in recent years as a consequence of quantita- 
tive studies of phagocytosis in vilro. As already 
stated, phagocytosis of bacteria depends on their 
first being “sensitized” by the opsonina whieh are 
present in the serum, In 1895, Denys and Le 
Clef demonstrated that the seram of animale 
which had been” immunized with streptococci 
induced a much greater phagocytosis and destruc- 
tion of these organisms than normal serum, deter- 
mining their results by means of plate cultures 
and microscopic studies. More recently, by means 
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the iechnie evolved by Leishman and by 
Wright, this principle has been found to have a 
wide, almost universal application: in othor words, 
active immunization, as in a natural infection or 
by the injection of bacterial cells, is almost invari- 
ably accompanied by an increase in opsonins, which 
appears to coincide with an increase in the phago- 
cytic power of the blood. 

Tnasmuch as it has proved possible by the pro- 
longed immunization of animale with bacteria or 
toxins to induce a high concentration of antibne- 
terial or antitoxic substances in their serum, it 
was the natural expectation that if such serums 
‘were injected into other animals the latter would 
thereby be endowed with an increased resistance 
to the infectious agent against which the serum 
had special activities (passive immunization). 
‘This has been found to be the case with many 
antibacterial (typhoid, cholera, plague, dysentery, 
ete.) and some antitoxic serums (diphtheria, teta- 
nus). Unfortunately the protection afforded by 
the injection of an immune serum is of short dura- 
tion (from two to several weeks) ; it is as if a for- 
eign substance had been injected, the fate of which 
ig to be climinated rapidly. This is in contrast 
to the condition in active immunity, in which the 
protective \ haewees ‘are often formed over a long 
period by the body calls. 

‘The achool of Metchnikof€ brings the leucocytes 
into relation with passive as well as active im- 
munity, It is held that the immune serum which 
is injected is potent, because it stimulates the leu- 
coeytes to a greater phagocytic activity in the case 
of antibacterial immunity, or to a greater absorp- 





Passive 
Immantty, 


The Leucoerti 
in’ Passive 
Tramanity. 








Summary 











170 INPECTION AND IMMONITY. 


tion and destruction of toxins in the case of anti- 
toxic immunity. 

It is now known, as stated, that an immune 
serum favors phagocytosis because of its action on 
the bacteria rather than on the leucocytes; hence 
the position of Metchnikoff's “stimulins,” which 
were supposed to stimulate the leucocytes to an 
‘increased phagocytosis, does not seem to be on a 
good footing at present. The value of the opsonins 
in passive immunity is, indeed, an unknown face 
tor; the question is hardly determined finally, 
Some of the opsonins deteriorate very quickly; 
hence they could be of no value in serums as they 
are placed on the market. Others are moro resist- 
ant, and may have a certain valne in passive immu- 
nization, although they probably do not approxi- 
mate in importance tho bactericidal and antitoxie 
substances. 

By way of summary we may say that bacterici- 
dal substances, antitoxins and opeoning are the 
known and demonstrable factors in active immun- 
ity. It doce not follow that all three factors come 
into play in every concelvable infection; or that if 
they do, in some particular disease, the three are 
equally important. ‘Thus, in typhoid fever, the 
serum has an enhanced bactericidal power, and 
investigations seem to show that the opsonins are 
alao inereaged; on the other hand, we have no 
evidence to show that acquired immunity to 
typhoid fever is antitoxic. In diphtheria and teta- 
nus, the immunity is represented by the presence 
of untifoxins in the sernm, whereas the opsonins 
and bacteriolysins appear to be of Jeas importance. 

Another condition is found in infections with 
staphylococci, streptococci, pneumococci and some 
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other organisms, in which the only demonstrable 
change of importance is an increase in the opso- 
ning, and with this an increase in the power of 
phagocytic destruction of the coccr. 

In some chronic infections it is possible that the 
individual shows a resistance to the bacterial 
toxins, which is on the order of habituation, or 
adaptation, and which is not represented by 
any demonstrable antitoxins. ‘Thus, by the use 
of gradually increasing doses of tuberculin, an 
individual may eventually tolerate large doses 
which in the beginning would have been very 
toxic. 

In spite of this acquired resistance, however, 
the body appears to form no true antitoxin for the 
tuberculin.* After the cossation of treatment the 
resistance of the individual gradually returns to 
normal; that is to say, the cells return to their 
original susceptibility. 

‘The possible relation of anaphylaxis to acquired 
immunity will be discussed in the chapter on 
“Anaphylaxis,” 

Mention may be made here of the well-known 
‘but curious phenomenon that resistance may vary 
with the age of the individual. Typhoid fovor at- 
tacks the adolescent or middle-aged rather than 
the very young or very old. Active tuberculosis 
grows less common in the later decades of life. 
‘Then we have what nre distinctively the disease: 
of childhood ; after 15 years of age diphtheria, for 
Sample, 2 uncommon. Some of theae instances 
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of acquired immunity may be referable to differ- 
ences in the character of the cell receptors at dif- 
forent ages, while perhaps others are due to a slow 

immunizing process occasioned by the prolonged 
presence of non-pathogenic aaseats of the proper 


micro-organisins. 

Emmerich and Loew found that many bacteria 
produce in culture media, as woll as in the animal 
body, substances which apparently act as ferments 
and which are able to kill not only the bacterium 
which secretes the ferment, but many others. Yor 
example, pyocyanase, the bacteriolytic enzyme of 
Bacillus — pyocyaneus, diseolves ~—_ pyocyanons, 
anthrax, diphtheria and typhoid bacilli, the vibrio 
of cholera, the streptococcus and staphylococcus. 
‘These enzymes usually are not toxic, and it hae 
been supposed that in the course of an infection 
they reach such a concentration in the blood that 
they destroy the bacteria which produced them, 
thus bringing about recovery. It is asserted also 
that they, either during infection or as a result of 
repeated injection of the ferment, enter into a 
somewhat permanent combination with the al- 
bumin of the body, forming the so-called “im- 
mune-protelding,” on which acquired immunity 
depends. 

It is aleo stated that with “pyocyanase-immuno- 
proteldin” it is possible so to immunize a rabbit 
that a subsequent (twelve days) otherwise fatal 
dose of the anthrax bacillus is harmless, 

Although the effects of these “enzymes” on 
anthrax and on some other organisms have been 
confirmed by a number of investigators, their im- 
portance in acquired immunity and in the recov- 
ery from infections is very donbtful. There is the 
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‘special objection to this theory that it puts im- 

munity on a non-specific basis; i. &., pyocyanase 

will protect against anthrax, diphtheria, etc, 

while, in reality, all our clinieal and experimental 

eer reese ee apeetBcliyiiot -nequieed 
ys 


Tn contrast io the specific immunization which 
may be accompliched with an immune serum, it is 
important to recognize that a non-specific increase 
in resistance may be caused by the injection of a 
nomber of substances, which in the test-tube have 
no destructive action on the bacteria,  Issacit 
inj into the poritoneal cavity such substances 
‘a8 bouillon, tuberculin and sterile urine, and found 
the resistance of the animals increased to the peri- 
toneal inoculation of virulent organisms. Normal 
serum from another animal has a similar effoct, 
but, in this instance, the bactericidal substances of 
the foreign serum may be a factor in the new 
Tosistance. Supposedly, this non-specific resistance 
is local, and it appears to depend on the attraction 
‘of an increased number of phagocytes and of addi- 
tional complement (alexin) to the peritoneal cay- 
‘Tho suggestion that, proceding laparotomy, 
aueleinic acid be injected into the abdominal cay- 
ity, in order to increase the local resistance, has 
its foundation in the experimental work cated. 
‘The serum of an animal acquires antibodies not 
only for bacteria and toxins, but also for many 
other cells and substances which may be injected. 
There are many immune cytotoxins, such as the 
hemolysins, leucotoxins, neurotoxins, nephrotoxine, 
ete., which are formed as the result of immuniza 
tion with the corresponding cells, (Sce “Cyto- 
toxins.”) 
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By systematically injecting an animal with a 
bacterium or with any tissue cell, agglutinating 
substances (agglutinins) are formed and may be 
demonstrated in the serum. Like other antibodies, 
they are highly specific for the cell used in the 
immunization, 

Tt has been found that toxins, other than those 
of bacterial origin, will yield antitoxins by im- 
munization. Such toxins are snake venom, yield- 
ing antivenin; ricin, a hemagglutinating toxin 
from the castor-oil bean, yielding antiricin, ete. 

Recently what is termed the biologic test for 
species has assumed prominence. This test may 
be illustrated: A goat is injected repeatedly with 
the serum of man. After a number of injections 
a very minute amount of this goat’s serum will 
cause a’ precipitate when mixed with human 
serum, but not when mixed with the serum of any 
other animal (except, perhaps, that of anthropoid 
apes). ‘The teat is so delicate that when a small 
amount of old dried human blood is dissolved in 
salt solution and treated with the goat serum the 
precipitation will still occur, and in view of this 
fact, the test has become of medicolegal impor- 
tance, 

‘The wide distribution of this phenomenon 
among all kinds of animals gives it great biologie 
significance, particularly ss regards the differentia- 
tion of species. 

Kraus found that by immunization with cer- 
tain bacterial filtrates substances are formed in 
the serum which cause precipitates in the filtrates. 
Tt ie further interesting that other albumin-con- 
taining substances, as egg albumin or milk, will 
‘on immunization, yield specific antibodies, The 
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serum of an animal which has been immunized 

with goat’s milk will cause a precipitate in the 

latter, but not in cow’s milk. (See “Precipitins.”) ~ 
Tt has also been possible to obtain specific anti- Antiterments. 

bodies for ferments: for the peptonizing ferments 

of bacteria, for emulsin, lab, fibrin ferment, etc. 
There are, however, a great many substances for 

which antibodies can not be obtained ; this is true 

for substances of known chemical composition, 

such as acids, bases. salts, and for the alkaloids 

(strychnin, morphin, aconite, etc.) 


Bhelioh’s 
of Toxin. 


CHAPTER XI 





TOXINS AND ANTITOXINS. 


Through Ehrlich the word toxin has come to 
have a special significance, being applied only to a 
certain type of toxic substances. According to his 
original conception they have the following prop- 
erties: 

1, They are extremely labile substances which 
occur as secretion products of vegetable or of ani- 
mal organisms. 

2, Their chemical nature ie unknown. The im- 
possibility of obtaining them in pure form and 
their great lability render them insusceptible to 
ordinary chemical analysie. 

3. An analysis of a toxin may be reached at 
present only through the medium of biologic ex- 
periments. 

4, Immunization with toxins yields antitoxins. 
Tt has not been possible to obtain antitoxins for 
inorganic poisons, glucoside and alkaloids 
(morphin, strvchnin, ete.) 

5, In contrast to well-defined chemical poisons, 
the action of toxins is characterized by a latent or 
incubation period. That is, following the introduc+ 
tion of a toxin, a certain period of time elapses 
before toxic eymptoms appear, and this period is 
greater than the time logically required for the 
absorption of the toxin through the circulation.’ 





1. Recent work Indicates that the long tacubation perlod 
of tetanus may depend, at least fn part, on the length 
ef time required for the toxin to reach the ganglion cells 
through the axts cylinders of the motor nerver. 
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‘The incubation period may be shortened experi- 
mentally by the injection of large quantities of 
toxin, but it can not be eliminated entirely. The 
poisons of snake venoms appear to act without in- 
cubation period, but they are still to be classed 
with the toxins, because of their power to cause 
the formation of antitoxins. 

6. “The faete make it necessary to assume, as a 
condition for the poisonous action of toxins, a spr~ 
cific chemica] union of the toxin with the prote- 
plasm of the colls in certain organs.” . . . “The 
affinity of other poisons, as the alkaloids, for 
tissues, depends not on chemical union, but on 
some such process as solid polution or loose ealt 
formation.” 

The preparation of the soluble toxins of bacteria 
is relatively simple. It is neceasary only to inocu- 
Tate 2 suitable fluid mediam with a culture of the 
microorganism, to allow growth to take place for 
some days at body temperature, then to pass the 
fluid through a porcelain or somo equivalent filter. 
‘The soluble toxins usually may be precipitated 
from the filtrate by come precipitant, as ammon- 
tum sulphate, and preserved in a dried state for a 
Tong period. Such a precipitate does not represent 
the toxin in a pure form, but various proteid sub- 
stances of the culture medium, aa well. 

‘The bacilli of diphtheria and tetanus, Bacillus 
Byocyaneus, and Bacillus botulinus, are the princi- 
pal micro-organisms which produce soluble toxins. 

When the toxins of these organisms are injected 
into a suitable animal, phenomena similar to those 
produced by an infection with the organisms 
themselves are produced. They aro in a partieu- 
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Jar sense specific toxins, Some micro-organisms, 
however, produce more than one toxin. The teta- 
nus bacillus, for examplo, secretes, in addition to 
the toxin causing the nervous aymptoms of tetanus, 
another (tetanolysin, or tetanus hemolysin) which 
has the power to destroy red blood cells. Ehrlich 
holds that the diphtheria bacillus produces not 
only the toxin which enuses the acute intoxication 
of diphtheria, but another of long incubation 
period which may cause paralysis, Cobra poison 
has at least two toxins, one which attacks the nerv- 
ous tiseuee—a neurotoxin—and another which at- 
tacks the erythrocytes; the two may be separated 
by appropriate measures. As previously stated, 
the serum of the eel has a strong neurotoxin and 
a hematoxin, 

Some micro-organisms produce one or more 


* soluble toxie substances, which it is often difficult 


or impossible to consider as the actual disease- 
producing elements of these organisms. Concern- 
ing a disease which is so well characterized clini- 
cally as tetanus, it is not difficult to determine 
by inoculation experiment whether one has in hand 
the specific toxin. ‘The proof is naturally much 
more difficult in infections with streptococci and 
staphylococci, for example, in which the group of 
symptoms and the pathologic conditions are not 
entirely unique for the infection, We are by no 
means certain that the hemolysin or the leucoci- 
din (toxin for leucocytes) of the staphylococcus, 
or the hemolysin of the atreptococcus are the para- 
mount disease-producing toxins of these organisms, 
although these substances are true toxins. 





be 
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An im int test for the pathogenic signifi- 

cance of ae lies in ita ability pat ar 

cause the formation of an antitoxin which is 
in 





with the fins just mentioned. Howover, one 
should not place too much importance on such a 
test, for it is possible that we are not able on 
artificial culture media to obtain the toxin in 
such concentration that the production of an effi- 
cient antitoxin is possible. 


‘There is a large class of organisms the members tutrac: 
of which apparently do not produce soluble toxins; fuast 


such organiems, however, cauge highly toxic diseases 
(e.g typhoid, cholera, plague). ‘The dead or 

bodies of such bacteria are very toxic; 
alo when the germs disintegrate by a process of 
autolysis or self-digestion the culture medium be- 
‘comes toxic because of the cell contents which are 
set free. Such organisms are said to contain in- 
tracellular toxins or endotoxins, In infections by 
them it is supposed that toxic symptoms are pro- 
duced when a pathogenic amount of the intracel- 
Jular toxins is liberated by the bacteriolytic action 
of the body fluids or cells (phagocytes) . 

Nothing is known of the nature of such toxins. 
They certainly are very different from the soluble 
toxina of diphtheria and totanus, since immuniza- 
tion with them has not as yet resulted in the pro- 
duction of officient antitoxins. In spite of this 
fact, however, it is none the less probable that 
they are the disease-producing constituents of the 

i Buchner gave the name of “plasmin” 
to the coll juice which he was able to express from 
some micro-organiems. 


— 
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MacFadyen, by grinding large masses of typhoid 


“Endres bacilli and other organiems which had been rend- 





ered brittle by the temperature of liquid air, 
obtains from these organisms a toxic cell juice. 
‘The efficiency of the antitoxins which he is said 
to obtain by such immunization has not been 
demonstrated practically. It seems improbable 
that immunization with such “toxins” will yield a 
serum differing in propertios from that obtained 
by immunization with the living organisms. 

‘Toxic substances-obtained from bacteria by the 
action of strong chemicalg and extracting fluids, 
may not represent the essential toxic substance of 
the organiam, but perhaps some disintegration 
product which happens to be toxic. 

Tt is, of course, common knowledge that an anti- 
toxin is the blood serum of an animal, after the 
latter has been rendered highly immuno by re- 
peated injections of the corresponding toxin. The 
horee is chosen for immunization because of ite 
marked ability to yield antitoxins (diphtheria, 
tetanus), because of its size, withstanding much 
loss of blood, and becauee of the readinees with 
which it submits to manipulation, 

Manufacturing plants which produce antitoxins 
and other antiserums on a large scale have splen- 

idly equipped stables, which aro kept in the 

optimum hygienic condition, and from which rats 
in particular are rigorously excluded.* The horses 





2, The importance of this te very great Hf, for example, 
horsey ‘ate Urecelving Injections "pe. Sime ‘virsient vig 
the plague baciliva). In 

Hiving mtero-oreantena reach the general verqutatise, ene . 
tae baving. isto the auial gould, well contract. the 
Pingue and. be an evident source ‘of danger, not only to 
Sther animals, but to te coumuaity at tarke ves” ay 
Proof #taile ere properly lostituted tm such canes. 
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are carefully groomed and nourizhed and given 
such exercise as will keep them in a healthy con- 
dition. 

‘The toxins, in solution, are injected subcutane- 
ously.# Grave and even fatal reactions may follow q 
the first injections, if the toxin has been given in 
too large doses or in too concentrated solutions, 

This is especially true when injecting tetanus 
foxin. It is of great importance first to catablih 
what the Germans call a “Grundimmunitit,” 
which means a primary immunity in the animal 
itself so that the immunization may then be 
pushed vigorously until the blood contains anti- 
toxin in high concentration. For this purpose it 
has been found necessary to weaken the first tox- 
ins injected. This may be done by heating the 
toxin solution to 65 or 70 C. for an hour; by add- Attenuation 
ing to it from 0.05 to 0.4 per cent. of the trichlo- 9€°Foxtm 
rid of iodin; or by adding 4 solution of potassium 
fodid in which jodin has been dissolved (Imgol’s 
solution) or, as is often done at present, by par- 
tially neutralizing the toxin with antitoxin. High 
dilutions of the unaltered toxin may also be used. 
Gradually the virulence and amount of the toxin 
injected may be increasod until finally the full 
virulent toxin is given in large doses. The increase 
in dosage must be very gradual. Lventually as 
much ae a liter or more of diphtheria toxin is 
tolerated. 

Following each injection « reaction occurs. 
With diphtheria the loca! swelling may be great, 
and sloughing may occur. Following an injection 





‘1, Por the production of antivenin the snake vonom te 
est Injected tntravenousiy. 


 — 
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its former healthy condition is re-established. 

Several months of such treatment are necessary 
for the production of diphtheria antitoxin in high 
concentration. At the end of this time blood is 
drawn from the jugular vein by means of a large 
trochar to which a rubber tube is attached. The 
tube leade to 9 tall glass cylinder holding from 
one to two liters, and into this the blood is allowed 
to flow, Six liters may be drawn safely from a 
horse of average ize.* The most rigid asepais is 
observed in taking the blood. ‘The glass cylinders, 
appropriately covered to prevent contamination, 
are then set in a cool, dark place, and after the 
serum has separated from the clot samples are 
taken to be tested for their antitoxic value, 

‘The serum, in bulk or after being bottled for 
the trade, is preserved at a low temperature and 
in the dark, 0.5 per cent. of carbolic acid having 
been added to insure sterility. The addition of 
the acid may causo harmless cloudiness in the 
serum, but does not destroy the antitoxin. Serams 
may be proserved perfectly in a dried or frozen 
state. 

Many facts of scientific and practical impor 
tance have been brought to light through the im~- 
munization of animale on a large scale. It has 





4 Some horses may te died as many us forty times 
‘withoat watering a consplcaces detericenticn te bealth. I= 
time, however, an animal becomes teas raloable as an an. 
ttenie probacer, 
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‘been found, for example, that following ench in- 
jection of toxin the amount of antitoxin in the 
blood suffers a reduction, and only equals or rises 
above the previous amount eight or ten days later. 


This 

toxin has, to a certain extent, united chemically 
with the circulating antitoxin, It indicates also 
the period at which the horse should be bled in 
order that the greatest amount of antitoxin may 
obtained. It might even be dangerous to draw 
blood before this time had clapeed, since sor 
free toxin might still be in the circulation. 

It is noteworthy that all horses are not equally 
good producers of antitoxin. One may yield a 
‘of three times the value of another, al- 
the two have been treated identically and 
be equally immune to the toxin, 

Another most interesting fact is that, although 
an animal may be very rich in anti- 

he still may have a disproportionate sus- 

to fresh injections of the toxin. 

of these phenomena have not been cx- 

satisfactorily. 

necessity of standardizing antiloxins so 

that doeage may be controlled accurately is self- 

evident. To meet this need the antitoxic unit 

familiar in practice was devised. 

‘Behring, and also Ehrlich, decided arbitrarily 
to consider as the antitoxic unit that quantity of a 
serum which would protect a guinea-pig from 100 
fatal doses of the toxin. Ehrlich’s original method 

testing a serum was to mix different quantities 
with 10 fatal doses of the toxin and inject each 
mixture into a guinea-pig of from 250 to 300 
grams’ weight. That quantity of the serum which 


Q 
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protected the animal against the ten fatal doses of 


, 
was found to be unreliable. A toxin degenerates 
rather Pett retaining at the same time its 

ing power for the untitoxin; hence two tests 
made with tho same acrum two months apart 
might indicate different antitoxie values for the 
serum, Also 10 fatal doses of one toxin often re- 
quired more antitoxin for neutralization than the 
same quantity of a second toxin. ‘These phenomena 
are due to the formation of toxids, (Soe next 
chapter.) 

On necount of these sources of error, Ehrlich 
devised a new method in which a standard anti- 
toxin or test-serum is used as the starting point 
for the valuation of a new serem. The test-serum 
used at the Royal Prussian Institute for Experi- 
mental Therapy at Frankfurt, of which Ehrlich 
is the director, is a dried and powdered serum of 
such strength that 1 gram containe 1,700 immun- 
ity units; é ¢., 1/1700 gm. would protect a guinea. 
pig against 100 fatal doses of a diphtheria toxin,® 





5. In Germany the yarlous serums are prepared by pri- 
rit {ndividaais or corporations and munufacturers are re 
iredl {0 eend a sample of every lot of secam Intended for 
the trade Co the Prankturt Tostitnte that ita exeet value may 
be determined, Fach bottle eventually recelves a stamp alg- 
nifying the value In antltoxin unite of the contained serum. 
Moreover, samples of overy lot af serum are retalned In the 
tnarttnte, and from time to time these are tested ; and when 
It fx found that the samples have degenerated beyond a cer 
tain value the order ts sent out to calf In all serom belong- 
Ing to the degenerated Jot’ When a manufacturer thinks 
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Any other high-grade serum would have answered 
equally well. 

‘The institute keeps in stock a large number of 
vinls, ench containing 2 grains of this driod 
serum. The air and moisture are exhausted from 
each vial and the latter is then sealed in the flame, 
‘Once in three months one of these vials is broken 
open carefully and the serum dissolved in 200 c.c, 
of a solution made up of equal parts of glycerin 
and 10 per cent. salt eolution; hence each cubic 
centimeter of the solution contains 17 units. Dur- 
ing the succceding three months this antitoxic 
solution ig used in the comparative valuation of 
new antitoxins; the solution retains ita strength 
unaltered for thia period. For individual testa 
the serum-solution just described is again diluted 
seventeenfold, so that each cubic centimeter con- 
taina one unit. This adds to convenience and ac- 


‘The first step in the proces is to standardize 
some diphtheria toxin in which the degenerative 
changes (toxoid formation) have come to a stand- 
still. ‘This is done by adding so much of the toxin 
to 1 unit (1 ce.) of the test serum that an excess 
of one fatal dose of the toxin remains unbound by 
the antitoxin. 

‘The quantity of the toxin which gives this re- 
sult is called the Ltdove.! The LO dose of the 
the serum of one of bie horses has a high value be may 
@raw a «mall amount of blood from the animal and send 
the serum to Prankfurt for « preliminary test. If the 
serum Is suMoclently strong be may then bleed the horse 
freely; if it le wenk he will be advixed to continue the 
Immmnnteation for » time. 

@ LowLlmes (Limit): + In commonly weed to {ndleate 
‘& faint resnit. 
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toxin also is determined, this being the amount 
which is exactly neutralized by the unit of anti- 
toxin. ‘The use of the two doses serves to eliminate 
subjective errors on the part of the observer. The 
L-+ and 1.0 doses of toxin are then used to de- 
termine the value of new antitoxins. That quan- 
tity of the new serum which, when mixed with the 
L+ dose of toxin, causes the animal to die in 
four to six days, contains 1 unit of antitoxin. If, 
for example, 1/100 ¢.¢, accomplishes this result, 
the serum is of one hundredfold strength, 
¢.c, would contain 100 antitoxic units. 

Tn accordance with the Act approved July 1, 
1902, the United States Public Health and Marine- 
Hospital Service has established a standard unit 
for this country. The unit is based on that of 
Ehriich just deseribed and was made by com- 
parison with the normal unit obtained from Bhr- 
lich’s Institute, Frankfort a, M., Germany. 

Antitoxina are purchaged on the open markets 
by officors of the Public Health and Marino- 
Hospital Service and tosted in the Hygienic 
Laboratory for potency, freedom from contamina- 
tion by bacteria and chemical poisons, especially 
tetanus toxin, and finally to insure against excess 
of preservatives. 

‘The method of determination of potency is sim- 
ilar to that used by Ehrlich and previously 
described. 

White mice are inoculated to teet for an excess 
of preservative, (Trikresol being the one most 
employed.) If the mouse shows trembling or other 
symptoms of poiconing after subcutaneous injec- 
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tion of 1 ee, of serum, over 0.5 per cent, may be 


Other toxins and bacteria are discovered by 
intraperitoneal injection of guinea-pig. 

For therapeutic purposes, it is desirable to have 
a serum of high value in order to avoid giving too 
large quantities. Several diphtheria serums are 
on the market which have a value of 500 units to 
the cubic centimeter. It is difficult to immunize 
above this point. 

Tn some cases it is desirable to concentrate the 
antitoxic serum. 

Gibson has devised a means for thia depending 
on the fact that the antitoxin is cloacly associated 
with or comprises the globulin of the eerum. The 
moathod is as follows: 

To from 10 to 15 liters of serum, a saturated 
solution of ammonium sulphate is added gradually 
until precipitation is complete. his filtrate is 
then removed by filtration through paper and 
Gissolved {n 12 liters of water. It is then strained 
through gauze to remove the filter paper. The 
solution is reprecipitated with ammonium sulphate 
and the precipitate removed ae before, The 
precipitate is then dissolved in 24 litera of a 
saturated solution of sodium chlorid and filtered 
through gauze. This solution is allowed to stand 
‘over night and the supernatant fluid removed from 
any procipitate which forms, The procipitate is 
washed with saturated sodium chlorid and the 
washing added to the first solution. 

The combined solutions are again precipitated 
with saturated ammonium sulphate solution and 
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the precipitate collected on filter paper and the 
moisture pressed partially out with filter paper. 

‘The precipitate is then dialized in parchment 
paper in running water for three days, a small 
amount of chloroform being added as a pre- 
servative, 

One-half of one per cent. sodium chlorid is then 
added and the solution filtered twice through 
Berkefeld filters, 

In a similar way the U. 8. Government has 
provided for the establishment of a legal tetanus 
antitoxin unit and the control of serum production. 

Owing to the fact that tetanus toxin is vory 
stable, the toxin itself is kept for comparison 
instead of the antitoxin as in diphtheria. 

“The immunity unit for measuring the strength 
of tetanus antitoxin shall be ten times the least 
quantity of antitetanus scram necessary to save 
the life of a 350 gram guinea-pig for ninety-six 
hours against the officinl test dose of a standard 
toxin furnished by the Hygienic Laboratory of the 
Publie Health and Marine-Hospital Service."” 

That the United States government is attempt- 
ing to guard the quality of antitoxins on eale in 
our markets is apparent from the following state- 
ment:* 

“EXAMINATION OF S0ROMS MADE BY LICENSED 
MANUPACTURERS? 

“The act of Congress, approved July 1, 1902, entitled 

‘An act to regulate the sale of viruses, serum, toxins and 


Analogous products In the District of Columbia, to regulate 
Interstate commerce In said articles, and for other pur- 


7; Bulletin No. 43, Hyglente Laboratory, 
8. Krom R ‘The Immunity Vnit tor Standardizing 
Bulletin No. 21 of the Hyzlente 
ry ot the Public Health and Marino Hospital Service 
of the United States 
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oratory the open market by officers 
the Poblic ffealth ond ed Marte mpl Berrico stationed 
eee neni Te auvRaes 30 adres 
relfabin dragglots, who keep the product undee 
Proper conditions of light, temperature, ete, Several gradea 
‘diphtheria antitezin made by each Ilconsed manufac: 
SSSsssE Had omit 1 Cae 'aiyetinie ‘Laboratory by 
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ti: 


“The secums are ‘ested not oaly for potancy, but also to 
freedom from contamination by forelyn 
‘nd finally to Insure tho absonee of chemleal pot 
‘expecially tetanus toxin, Note ts made of tho phys: 
nd tests are made to de 
amount of preservative has 
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memorandum is made of the facts given by 
eturer, aN tated on the label, as to tha num 
‘Of unite contained in the parkage, and the date beyond 
‘Me contents can not be expeetad beyond a reasonable 
fo yield a spocitic result. Note ts also mnde of 
manufaetures® compliance with the law requiring that the 
Product be plainly marked with the namo of the articin, 
find the name, address and license number of the mant 
facturer, 

“Delinquencies that occasionally come to Ileht In ther 
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drawal of the parcicular lot of serum trom the market 
Institutes measores to prevent « repetition of imllar er 


“SERUM ANTIDIPHTHERICUM IN THE PHARMA. 
COPIIA. 

“The next edition of the United Btater Mhormacopete, 
bolng the eighth decenuin! revision, 1900, which ts to ap- 
pear abortly, will contaln an antitoxic werum for the frat 
Kime The serum will be known offletaily as antidiphtherle 
werum or Serum aniidiphtherioum, and the unit will be 
recognized ax that approved or satablished by the United 
Stalee Public Health and Marine-Hospital Service. 

“The offictal text, which bas been kindly furnished by 
Protemor Remingten tn advance, will be as follows: 
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“8KUM ANTLDIPHTHERICUM. 
ANTIDINICTHEMRIC AeRUS. DIVTTIEERIA artroxne. 

“A fold separated from the congulated blood of w Horse 
Bquv coboitus, Linné, immunised through the inoculation 
of a dipbthorio toxin, ft should be kopt in sosled glass 
containors, In a dark place, at temperatures betwoon 45° 
and 15° © (40* and 50° 1). 

“A yellowinh or yellowish-brown, transparent oF 
allghtly turbid Haquid, odorlems or having a sltgbt odor, 
due to the presence of the antiseptic used ax a pre: 
ervative, 

“apecific gravity; 1,025 to 1,040 at 25" C. (77° 

“Antldiphtherle meram gradually joven Ite power, the 
ops in one year varying between 10 per cent. and 30 
per cont, Rach container ehould be furnished with « 
Inbol or statement, giving the strength of the antl 
Aiphtheritie serum, expressed In antitoxic unite, the 
name and percentage by volume of the aptineptic used 
for the preservation of the quid (If such bo wand), 
the date when the antldipbtheric serum was last tested, 
and the date beyond which It will pot have the strength 
indleated on the label or statement, 

“The standard of strength, expressed Io units of antl 
toxle power, should be that approvod or entablished by 
the Valted Staten Public Health and Marine Hospital 
Service, 

“average doe: 2,000 units, 

“Immnniring doxe tor well perKona= 500 unite. 














CHAPTER XII. 





THE “STRUCTURE” OF TOXINS AND ANTITOXINE 
AND TH NATURE OF ‘THe TOXIN-ANTI- 
TOXIN REACTION. 

Because of the impossibility of obtaining bac- moteute 
terial toxins in pure form, no conception can be “**'7"™ 
gained of their composition in terms of atoms or 

q molecules, although it must be assumed that they 
have some unknown molecular structure, Infer- 
ences as to their nature and structure can be 
gained only by means of the biologic experiment, 
4. 6., their offecta on animals and animal cells 
under arbitrary conditions. 

When a toxin and its antitoxin are mixed in 
suitable proportions, the mixture becomes non- by Antconim: 
toxic as the result of chemical union of the two 
substances; each molecule of toxin has combined 
with a molecule of antitoxin to form a new non- 
toxic molecule which may be spoken of as the 
toxin-antitoxin molecule. It was at one time sup- 
posed that antitoxin had the power of destroying 
the toxin, perhaps by a ferment-like action, In 

two instances it has been possible to show that 
ie fg not the case, Ordinarily toxins aro more 
susceptible to heat than antitoxins, but in the case 
of pyocyancus toxin and snake venom the anti- 
toxins are the more susceptible. Wassermann 
found that when a neutral mixture of pyocyaneus 
toxin and its antitoxin was heated to a certain 
temperature the mixtore again became toxic, and 
Calmette made a similar observation concerning 
venom and antivenin. If the toxin had been de- 
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stroyed by the antitoxin the solution certainly 
would not have regained its original toxicity on 
the spplloalien/ot bath: 

‘The following facts add support to the view 


uy 
that neutralization consists of chemical union be- 
substances : 


tween the two 

Fint, neutralization takes place according to 
the law of multiple proportions, {. e., ten times 
given amount of antitoxin will neutralize a pro- 
portionate amount of toxin; second, neutralization 
is more rapid at warm than at cold temperatures; 
and, third, more rapid in concentrated than in di- 
Jute solutions. ‘Theso are some well-known laws of 
chemical reactions. 

“Emil Fischer has shown that in the fermenta, 
definite atom-groups of special configuration are 
prosent which above all else are requisite for the 
whole phenomenon (of fermentation). Only such 
substances ns possess a group to which the ferment 
group corresponds, as lock to key, are subject to 
the action of « particular ferment.” This applies 
to the action of a particular ferment on only one 
kind of substance. 

Having this conception in mind, Ehrlich es- 
sumes that union occurs between toxin and anti- 
toxin through a special group of atoms which the 
toxin molecule possesses, and which fits into, or 
rorrespondls xpecifically to, another group of atoms 
in the entitoxin molecule. These are spoken of 
aa the binding or haptophorous groups (hapto- 
phores) of the molecules. ‘The haptophorous 
group of the toxin molecule ie highly specific since 
x toxin can be neutralized only by its own anti- 
toxin, and naturally the haptophorous group of 
the antifoxin molecule must be equally specific, 
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‘Yhe toxin molecule contains not only a hapto- 
horous group, through which it unites with anti- 
fin im one inatance or, in another instance, with 
in the production of disease, but also 
ituents in which the specific activity 
substance resides, and by which it produces 
in tissue cells, on combining with them, 
jis functional or pathogenic activity resides in 
so-called toxophorous group of the molecule. 
the haptophorous and tovephorous groups 
two structural elements of a toxin which 
recognized by biologic experimenta. 

a peculiarity of toxins that thoy lose a cer 
fain amount of their toxicity in the course of time, 
although their binding power for antitoxin remains 


| 


i 
é 


uae 


tophorous groups intact, ‘Toxins which have 
undergone this change are called toxoids. 

Warther evidence of the existence of toxoids Lies 
in the fact that when used for immunization they 
cause the formation of antitoxins. hia is poasi- 
ble only when the substance is able to unite with 
the tissue cells; therefore, the non-toxic toxin or 
toxoid haz retained its haptophorous groups. 

A toxin entirly free from toxoids has never 
been observed, since even during the few days re- 

for ite preparation a certain amount of 
legencration occurs. 

Additional information concerning the nature 


‘Toxophore. 


Toxoldn, 


of toxin hus been gained by experimenting with Sa* 


mixtures of toxin and antitoxin, in which the two 
Gre preeent in varving proportions. This is the 
“partial saturation” method of Ehrlich. ‘Through 
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a vast number of experiments Ehrlich obtained in- 
formation which permitted him to estimate that 
200 “binding units” are represented in that 
amount of diphtheria toxin (hypothetically pee 
which is exactly neutralized by one antitoxin unit 

If the entire amount of antitoxin, i. o., sie 
is added to the quantity of toxin in question, com- 
plete neutralization of the latter, of course, occure, 
Tn cage the toxin is entirely pure, 199/200 of the 
antitoxin unit would destroy all but 1/200 of the 
initial toxicity; and 150/200, or 100/200, or 
75/200, ete., of the antitoxin when added would 
permit corresponding degrees of toxicity to be 
demonstrated through animal inoculations. It 
was found, however, that neutralization did not 
take place according to this simple acale. The ro- 
sults were complicated, and Ehrlich has found it 
convenient to express them graphically in the form 
of a “toxin spectrum” (Figs. 1, 2; 8 and 4). For 
example, let 199/200 of the antitoxin unit be 
added to the proper amount of the toxin, 198/200 
to another similar amount, 197/200 to another, 
ete, down to 150/200. In the last mixture, 50 
ont of the 200 binding units which the toxin pos 
eesees are free, and these 50, rather than some 
other 50, are free because they have Jess affinity 
for the antitoxin than the 150 units which were 
bound. Tt has been found that those unite which 
first become free have a low degree of toxicity, It 
was thought that they might have lost their toxo- 
phorous groups, i. e., that they were toxoids; and 
because of their weak affinity for antitoxin they 
were called epitoxoids. 1t was found, however, that 
they possessed a rather constant though low degree 
of toxicity and that the toxic action was characteris- 





TOXONS. 195 


tic. Tnjection was followed by some local edema, 
then by a long incubation poriod, and finally by 
cachexia and paralysis. On account of this char- 
ic toxic action and the long incubation 
period, Ehrlich has concluded that the ao-called 
epitoxoid is in reality a second toxin which is so- 
croted by the diphtheria bacillus. This he now 
designates as toxon in order to distinguish it from 
that other constituent of diphtheria bouillon, the 
eae which causes the acute phenomena of diph- 





‘The existence or non-existence of toxons has created 
a great deal of discussion among investigators. ‘The 
‘Swedish chemist, Arrhenius, bas recently attempted to 
apply certain principles of physical chemistry to the 
‘study of foxine and antitoxins. It is a well-known fact 
that some chemical substances, when in solution, have 
‘the power of breaking up into their constituent parts; 
thus sodium cblorid breaks up in part into sodium and 
¢hlorin, as sodium or chlorin ions or electrolytes. The 
dimociuted sodium or chlorin may then enter into com- 
ination with any other suitable substances which may 
be present. Arrhenius holda that this is the case with 
the toxin-antitoxin molecule, that it may to a certain 
‘extent again break up into separate toxin and antitoxin. 
Ho believes that this dissociated toxin is the substance 
which Ehrlich has been calling toxon, Madsen, who 
formerly tnd done mnch work with toxons, has now 
Joined with Arrhenius in support of the dissociation 
theory. Bordet believes that toxon and the various 
‘other constituenta of toxin described by Ehriich as 
peparate substances, ore the result of combinations of 

proportions of toxin and antiloxin. He pro- 
Uueed comparable phenomena by mixtures of comploment 
and anticomplement in varying proportions and noting 
the degree of hemolysis produced on sensitized corgun- 
cles. In spite of the reasonableness of this theory, Ehir+ 
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lich and his followers continue to uphold the toxon as 
an independent toxic substance, and have published 
additional experiments to support their position. 


_ Let one now add still smaller amounts of the 
antitoxin unit to the 200 binding units of the 
toxin. When 149/200 are added it is found that 
a certain amount of true toxin remains free, the 
quantity which is unbound being in direct propor- 
tion to the amount of antitoxin withheld. Conse- 
quently when but 50/200 antitoxin unit is added 
the amount of free toxin corresponds to 100 bind- 
ing units, If true toxin only remained it could 
then be said that the constitution of this toxin is: 
toxin 150 and toxon 50. However, it may bo 
found that as 49/200, 48/200, ote., to 0/200 anti- 
toxin unit are added, no increase of free toxin is 
found, although the antitoxin added has been 
bound. In this case, the 50 binding units of toxin 
which have the greatest affinity for antitoxin aro 
non-toxic; i. «., they are toxoids, and since they 
have the maximum affinity for antitoxin they are 
ealled protoxoids. 

It has been assumed also that a toxoid may 
exist which has an affinity for antitoxin exactly 
equaling that which toxin possesses: this, as yet 
purely hypothetical constituent, bears tho name of 
ayntoxoid. 

Figure 1 is a graphic representation of the 
toxin just described (Madsen). Probably no two 
toxins have the same constitution. ‘The toxon 
zone, for example, could well be much larger in 
one diphtheria toxin than in another. 

Refinements in experimentation show that even 
the true toxin is not uniform in its virulence and 
ite aMinity for antitoxin. Accordingly a proto- 
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ognized by this same st 
(Seo Fig. 2.) For oxample, it may bo found that 
when a of the antit unit, the 


free between the limits of 124/200 and 

100/200; and from this point on the new unbound 

be still more virulent. The first would 

be tritotoxin, the second deuterotoxin and the 
barat changes with ite 

of a toxin i 
‘The prototoxin, and portions of the ascthee 
tritotoxin may disappear because of toxoid forma- 


remains relatively intaet (Figs. 2, 3 and 4). 
This very complicated method of investigation 
waz aleo undertaken by Madsen in the study of 
tetanus toxin, for which a somewhat similar 
‘“spectram” was constracted. 
Such epvetra have not been worked out in de- 
tail for some of the vegetable toxins, as ricin and 
‘abrin, but it is known that they form toxoids. 
Some of the toxins of snake renom differ from 
the bacterial toxins in structure (pages 428-431). 
ne Ferma- ‘The iden was originally advanced that antitoxin 
‘Anite’ is transformed toxin, a change in the letter hav- 
ing been effected through some action of the 
tissues, shared rg oar nerd 
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to be the case. A single injection of tetanus toxin 
may yield 100,000 times the amount of antitoxin 
mocessary to neutralize the toxin injocted. An in- 
teresting experiment is on record which shows the 
fallacy of the view just mentioned. An animal, 
the serum of which was rich in antitoxins, was 
bled repeatedly until an amount of blood which 
equalled the total quantity normally present in the 
animal's body was drawn. Yet the antitoxic 
Lie! of the new formed blood was practically un- 


janged. 

Metchnikoff, to explain this “overproduction” 
of antitoxin, has euggosted that the toxin molecules 
may be taken up by phagocytic cells and broken up 
into an indefinite number of smaller molecules, 
each of which then js altered in some obscure man- 
ner so as to constitute a molecule of antitoxin 

‘The views of Ehrlich have found wide accept- 
anes, and have provided a valuable working hy- 
pothesis for many investigations. A considera 
tion of thie subject introduces ane at once to the 
well-known side-chain theory of immunity of 
Bhriich. It may be considered briefly at this point, 
in #0 far aa it involves the origin and nature of 
antitexin. Ehrlich considera it fundamental, in 
regard to the metabolic activity of cells, to assume 
that the cell constituents must enter into chemical 
combination with food substances in order that the 
latter may be made available for the use of the 
cell. Tt is supposed that cells contain cor- 
tain atom groups of unknown chemical nature 
which make possible the binding of food sub- 
stances. The name of receptor was given to such 
groups, since substances are received into the cell 

them. Inasmuch os the foods and some 
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other substances which penctrate the cells differ 
in their chemical nature, it is probable that there 
are various receptors for the various types of sub- 
stances. The binding, however, is but a prelimi- 
nary step to profound changes which the substance 
may next undergo, through the action of other, 
more vital, cell constituents. ‘That is to say, the 
receptor is but a link to bring the substance into _ 
relationship with the vital activities of the cell, 
which Ehrlich supposes may reside in a hypotheti- 
cal “Leislungskern” (action center or nucleus), 
In view of this conception one readily understands 
the propriety of considering the receptor as a side- 
chain of the “Leistungskern,” just ax the chemist 
speaks of ae various groups which may be at- 
tached to the benzol ring, or benzol nucleus, as 
side-chains (See Chapter XIX). 

In preceding pages it has been emphasized that 
a toxin, in order that it may injure a cell, must 
enter into chemical combination with its constitu- 
ents, and it is a fundamental tenet of the Thrlich 
theory that this union is one which takes place 
between tho toxin and a cell receptor (side-chain). 
The cell receptor, then, either is a haptophore or 
possesses a haptophore as a part of its complex. 

As the physiologic demands are probably re= 
sponsible for the character of the various recep- 
tors, it is not likely that special receptors are 
ereated when some unusual substance, as a bac= 
terial toxin, is introduced into the body. Conse- 
quently, when toxin unites with a cell, it probably 
eceupies receptors which, under -normal cireum- 
stances, are employed in some physiologic process, 

If some inert, non-toxic substance should com- 
bine extensively with cells, a corresponding num- 


REOEPTORS. or 


ber of receptora, whieh ordinarily are need for 
normal metabolism, would be thrown out of fune- 
tion. Thion of this nature would be equivalent 
to an injury of the cell, and it is possible that the 
netion of toxoids is of this mild nature, 








Fig. 5.—Graphie representation of recoptors of the tre: 
order and of toxin uniting with the cell receptor. a, Cel 
receptor; B, toxin molecule; ©, Lmptophore of toxin mole 
eule; @, forophore at toxin molecule: «, haptophore of the 
cell receptor. From Ehritch's “Schlussbetrachtungen,” 
Nothnagel's Gystem of Medicine, yo. vill. ‘This cut Is 
to be taken es representing the actual morphology of tox 
or cell receptors, Nothing Is known of thelr morpholom 
Wf, Indeed, they have any. The cut ts tatended merely to 
tepeesent, In ® grapble manner, the supposed chenlca 
Siractore and mode of action of these substances. ‘This 
statement applies also to Fisures # and 



























When toxin unites with celle there is involved 
not only the diversion of cell receptors from their 
customary functions, but in addition the destruc- 
tive action of the toxin on the vital parts of the cel! 
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bound, but sufficient to cause come injury, how 
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that of scar formation, in which a sceming excess 
of new connective tissue cells is formed, 
which later disappears in Similarly, when 


of the number jnjured, and the excess may be 20 
great that the cell may be overfilled with them— 
so overfilled that many are discharged and resch 
the general circulation. These cast-off receptors, 
or sdechaing, still retaining their power of unit- 
ing with toxin, constitute our antitoxing As 
Behring has stated it, the receptor, when attached 
te the cell, is the agent throagh which the latter 
is attacked, but when cast of from the cel) becomes 
its protector (Fig. 5). 


ANTITOXINS. 


As regards the structure of the antitoxin (cast- 
off receptor), it is necessary to assume only the 
presence of the proper haptophorous group. Ehr- 
lich designates all receptors of this simple type as 
“receptors of the first order.” In following 
sections we will have to do with receptors of the 


second and third orders. 


Wassermann gives the following list of anti- 


toxins: 
ANTITOXINS FOR BACTERIAL TOXINS. 
Diphtheria antitoxin. 
Tetanus antitoxin. 
Botulism antitoxin. 


Pyocyaneus antitoxin. 
Symptomatic enthrax antitoxin. 


Antileucocidin, an antitoxin for the leucocytic 


poison of the staphylococens. 


Antitoxins for the blood dissolving toxins of a 


number of bacteria. 


ANTITOXINS FOR ANIMAL TOXINS. 
Antivenin for snake poison. 
Antitoxin for scorpion poison. 
Antitoxin for spider poison. 


Antitoxins for certain poisons of fish, eel scrum, 
salamander, turtle, and for wasp poison. 


ANTITOXINS FOR PLANT TOXINS. 


Antiriein, for a red blood corpuscle poison of 


the castor oil bean. 


Antiabrin, for a similar poison of the jequirity 
bean 


Antirobin, for robin, a locust tree poison. 


Anticrotin, for crotin, a toxin from the bean of 


Croton tiglium, the croton oil bean. 


Receptors of 
the First 
Order. 
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Hay fever antitoxin, for the toxin of pollens 
which cause hay fever. 


ANTIFERMENTS, 
Antirennet, 
Antipepsin. 
Antitrypsin. 
Antilibrinferment. 


Antiuresse, for urease, a urea splitting ferment. 

Antilaccase, 

Antityrosinase, 

Antisteapsin, 

Antiferments for the ferments of bacterial 

cultures, 

‘The above are true antitoxins. There are other 
substances, however, which occasionally exert an 
antagonistic action on toxins, although they prob- 
ably are not true antitoxins. For example, it has 
been found that cholesterin neutralizes the action 
of tetanolysin, the hemolytic toxin of the tetanus 
bacillus (Noguchi), and also the hemolytic action 
of cobra venom and cobra-lecithid. (See Chap. 
XVI). On the other hand, it does not affect two 
other hemolytic toxins, staphylolysin, which is 
derived from the staphylococcus, and arachuolysin 
which is obtained from spiders (Kyes), the action 
of cholesterin, therefore, is in no sense specifle and 
apparently is of a different type from that of 
serum antitoxins, his is further indicated by 
the fact that chloesterin also inhibits the hemolytic 
activity of certain substances which can not be 
classed with the toxins, ¢. y. saponin, agaricin 
(Noguchi), Fluids which contain cholesterin nat- 
urally, as milk, serum and bile, have a similar 
inhibiting power. 
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‘The discovery of Hektoen that certain salts are 
able to neutralize the toxic action of some serums, 
by combining with the so-called complement, may 
also be mentioned in this connection. 
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‘THE PHENOMENON OF AGGLUTINATION. 

Agglutination, in the bacteriologic sense, refers 
to the clumping and sedimentation of a 
ous suspension of micro-organisms by the action of 
a serum, 

Although a number of investigators had ob- 
served the phenomenon of agglutination, Gruber 
and Durham first saw its significance. They found 
that the reaction was a specific one, i. e., that the 
serum which would cause the strongest agglutina~ 
tion of a micro-organism was that of an animal 
which had been made immune to it by repeated 
injections. 

Widal’s service consisted in the utilization of the 
phenomenon as an aid in the diagnosis of typhoid 
fever. He is the originator of clinical serum 
diagnosis. It is perhaps largely a matter of acci- 
dent that we speak of the Widal reaction rather 
than the Griinbaum reaction, Griinbaum was car- 
rying on the same work at the same time, but 
Widal preceded him in the publication of his more 
extensive worl, 

In the chapter on natural immunity it was 
stated that normal sorums often are able to ag- 
giutinate bacteria. Normal human serum may ag- 
glutinate the typhoid, colon, pyocyaneus, and -dys- 
entery bacilli, and occasionally the staphylococous 
aaa cholera. ‘sibrio; it does not agglutinate the 

and some other organisms. In cer- 
tain cases it may agglutinate the typhoid bacillus 
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sibility receives emphasis from the fact that athe 

serum of 2 new-born child is devoid of many of the 

which are found in Inter life. THrnce, 


The term immune “esi is applicd to the immune 
agglutinating substance in a serum, when the “*#'™*iains, 
propery has developed as a result of infection, or 

immunization with the organism. 
ptt formed during infections with the orgun- 
isms of typhoid, cholera, dysentery, plague, etc. 

For the artificial production of agglutinins, the 
bacteria may be injected into the veins, subcutano- 
‘ous tissue, or peritoneal cavity; in some cases they 
may be fed to animals, rubbed into the skin, or 
sprayed into the lungs. If certain micro-organ- © 
isms are sealed up in a collodion sac and placed in 
the abdominal cavity of an animal, an agglutinat- 
ing seram will be formed ; the necessary substances 
diffase through the sac and reach those body cells 
which produce the agglutinin. It is not necessary 
that living b bacteria be injected ; in fact, the strong- 

is said to be formed by the injection 

of bacteria which have been killed by a tempera- 

ture of 62 C. In certain instances agglutinins are 

produced by immunization with disintegration 
of bacteria or with bacterial extracts, 

Nearly all bacteria, even when non-pathogenic, agstutiatn- 
‘will give rise to agglutinating serums when in- Sroeugine 
fected ; but not all have the power equally, Nicolle 
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be abtained by immunization varies greatly. 
dex Velde speaks of a typhoid serum which 
ditation of one in one million was agsiatinating. 





may differ ip their ability to cause the formation 
of agglutinins. It is generally said that a typhoid 
strain, which is agglutinated with difficulty, gives 
rise to 2 weak aggiutinating eeram, while an easily 
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-agglutinable strain ives a strong agglutinin. The 
oy ole peal pai 


causes the body to produce agglutinin. 

‘That the agglutinating power of the scrum of a 
typhoid patient varies from day to day is a fact 
of practical importance. It may be thirty times as 
strong one day as the next, and may even disap- 
pear Craad for a day or two. Hence the impor- 
tance of making more than one test in a suspicious 
ease, when the first trial has been doubtful or 
‘negative. There is no adequate explanation for 
this great variation. It is said that mixed infec- 
Hons, intestinal hemorrhage, or a sudden pouring 
‘out of typhoid bacilli into the circulation may 
cause a reduction in the agglutinating power. This 
‘eecurrence has an important bearing on the possi- 
bility of using the agglutinating power of the 
Serum as a prognostic sign. Although it has often 
been noted that in fatal infections agglutinins may 
be absent from the serum, the variations just men- 
tioned indicate that prognosis could not be based 
safely on the result of a single agglutination test. 

The agglutinating substance is found in the 


highest concentration in the blood serum, but it fs 


may be demonstrated in the various body fluids 
and in extracts of the organs; it is said to be par- 
ticulatly rich in the milk. It is present in the 


in order to obtain seram for the test. The bile 
often agglutinates the typhoid bacillus, but the 
power has no necessary relationship to a pre-exist- 
ing infection ; it is possible that the agglutination 
ft thie ease is due to obscure chemical canses 
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+ 
rather than to the usual serum agglutinin. Becht 
and Greer find that agglutinins occur in the var- 
ious hody fluids in the following order of concen- 
tration: blood scrum, thoracic lymph, neck lymph, 
traces in the pericardial fluid, least and not con- 
stantly in the cerebrospinal fluid and aqueous 
humer. The administration of pilocarpin causes 
a rise in the agglutinating power of the tears, 
sputum and some other body fluids; the drug 
increases cell secretions, 

When typhoid fever occurs during pregnancy, 
agglutinins may appear in the serum of the fetus. 
On the one hand it has been held that agglutinin 
passes from the mother to the fetus, or, on the 
other hand, that the presence of agglutinins arises 
from infection of the fetus itself. 

Although the milk may be very rich in agglu- 
tinin, it is doubtful if the serum of a breast-fed 
child undergoes much increase in its agglutinating 
power because of the ingestion of the milk. The 
intestinal juices (trypsin) digest agglutinins. 

‘The origin of agglutinins in the animal body is, 
according to very convincing experiments of 
Hektoen and Carlaon, the tissue celle of the body. 

‘One of the most interesting and important phe- 


> nomena in the study of immunity is the so-culled 


Peiffer phenomenon, An animal which has been 
rendered immune to cholera by repeated injections 
of cholera vibrios has the power of digesting or dis- 
solving the latter when they are placed in the fresh 
serum or in the peritoneal cavity of the immunized 
animal. Gruber and Durbam were studying this 
phenomenon in the test tube when they first ob- 
served the agglutination reaction. It was found 
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that the agglutinating /, 08 well az the bac- 
tericidal power, was the result of immunization, 
Inasmuch ss an increase in the bactericidal power 
of a serum to the existence of an acquired 
immunity, the question naturally arises; Does the 
associated eet ‘of agglutination have a similar 


observations indicate that the two activi- 
ties are distinet, that they depend on different 
substances in the serum. The following are the 
important points involved: 

4. The bactericidal power is destroyed at 56 C.. 
while agglutinins resist a temperature of 62 0. 

2. In certain casea it has been possible to cause 
the bacteria to absorb the agglutinin from the 
serum, leaving the bactericidal substance intact, 

8. A serum may be bactericidal, but not agglu- 


4. During the course of natural or experimental 

fever or cholora the development of the 

inating and bactericidal powers may not be 

parallel. In cholera, the agglutinating power may 

ai toon, but the bactericidal power remaine 
fora time. 

&. Micro-organisms which have been killed by 9 
bactericidal serum may lose their toxicity; ag- 
glutinated bacteria remain virulent. 

Besredka found an apparent relationship be- 
tween agglutination and immunity; if typhoid 
bacilli were agglutinated before they were injected 
‘into the abdomen of a guinea-pig the animal would 
Fecover, but if they were not agglutinated death 
‘resulted. The explanation offered for this loss of 
virnlence is that the bacilli being agglutinated and 
immobilized are more readily token up by the 





ot 
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phagocytes; if phagooytosis ie inhibited by eome 
means the agglutinated organisms are found to be 
still virulent. . 

Koch has attempted to use the agglutination 
test with the tuberele bacillus as an index of im- 
munity against tuberculosis. "Chis is not accepted 
as a reliable test for the immunity, but ie perhape 
a general index of the ability of the individual to 
form antibodies for this organism. This method 
was devised inagmuch ns the bactericidal action of 
4 serum on the tubercle bacillus is not readily de- 
termined. 

One may use two methods of determining the 
agglutination of bacteria: 1. the macroseopie or 
naked eye observation of the clumping and sedi- 
mentation of a homogeneous suspension of the 
bacteria in test-tubes; 2, the microscopic observa- 
tion of the clumping of the organisms when the 
latter are mixed with serum and mounted as a 
“hanging-drop” preparation* 

When the organism to be tested grows rapidly, 


it is the custom to use a young culture, one which 


hag grown on an agar surface or in bouillon for 
from eighteen to twenty-four hours. Older cul- 
tures of the typhoid bacillus or of the cholera 
vibrio ave agglutinated with more difficulty than a 
young culture, If an agar culture ia used, the 





2. For a hanging-drop preparation It t# necessary fo have 
2 slide with & enncershaped depression on one surface, A 
drop of the solution to be examined t# mounted on A cover 
sines, and the Jatter Is then mounted, drop side down, over 
the depression and the edges of the coverglass sealed with 
‘Vaselln or parnfin, There is ample room for motile organ- 
tama to mwim abont tn such m preparation, and the toan of 
motility incident to agglutination im readily observed. 











oe 





more violent measures must be resorted to. Daily 
shaking of « liquid culture of the diphtheria or 
tubercle bacillus is fairly effective, but the medium 
must be paseed through a paper filter before it can 
be used eafely; in this way the larger clumps are 
Temoved. Some investigators dry a large quantity 
of tubercle tmeilli, grind them ap thoroughly in an 
agate mortar and suspend the particles in salt 
‘solution; the fragmented condition of the organ- 
isms dots not interfere with their participation in 
the reaction. One should have « uniform technic 


sions, For example, one may uniformly suspend 
a twenty-four-bour agar culture in 10 cc. of salt 

is A uniform technic makes it possible to 
observe the quantitative relationship which exists 
hetween the mass of bacteria to be agglutinated 
and the agglutinating power of the serum. 









Seram 
Dilutions. 
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To obtain serum for the test one may 





blistering; place a cantharides, 
half to three-fourths of an inch square on 
dominal skin, protect it with « dressing, and in 
about twelve hours remove the serum with a . 
ized hypodermic syringe. Or, one may collect in ; 
smal] test tube from 0.5 to 1 c.c. of blood from 
lobe of tho ear or fingor-tip, and draw off the serum 
after it has separated by clotting. It is the cus- 
tom in some well-equipped laboratories to fill sey- 
eral U-ehaped capillary tubes with blood from the 
eae of the ear and to sey 
é once by cent 

arying a few drops of load on a coverglass or on 
filler paper, und of sending this preparation to a 
laboratory for the agglutination reaction, has been 
practiced quite extensively, and is a justifiable 
procedure when it is nok possible to collect the pure 
serum. It hae the disadvantage that the experi- 
menter never knows exactly how much blood has 
been collected, and consequently can not perform 
the test with exact dilutions of the serum, the im: 
portance of which will be pointed out below. ‘Tho 
red corpuscles and débris in such a preparation also 
interfore with tho clearness of the field in micro- 
scopic examination, a difficulty which may be 
partly overcome by filtering the dissolved serum. 

When only a small amount of serum is available, 
it is necessary to use the microscopic method. 
Normal human serum, when concentrated, and 
even when diluted to one in ten or higher, some- 
times agglutinates the typhoid baeillus and some 






other organisms; the same scrum, when diluted to 
one in forty or one in sixty, may not agglutinate. 
‘The serum of a typhoid patient, however, or of a 


_ 


render the eerums of all, or nearly all, typhoid pa~ 
tients agglutinating. ‘The necessity for dilution of 
the serum is empbasized by the additional fact 
that infections with related organisms, as the colon 
bacillus, cause a slight increase in the agglutinat- 
ing power for the typhoid bacillus along with a 
relatively large inerease of colon agglutinins. A 
with a low dilation of this colon seram might 
‘a positive reaction with the typhoid bacillus 
lead to an incorrect interprotation; but 
if a dilution of one in forty were used, the non- 


fine platinum wire which is bent at its tip to form 
an eyelet or “loop.”* If one places one loop of 
serum into a small watch glass or hollow-ground 
slide, and adds nine loops of bouillon or of salt 
*eolution, a dilution of one in ten is reached. Five 
loops of this mixture with five of the diluent gives 
a dilution of one in twenty. One loop of the sec- 
ond dilution, to which is added one of the culture 
suspension, gives the desired dilution of one in 
forty. The lust may be mixed directly on the 
coverglasa, and then inverted on a hollow-ground 
, Pielifer Introduced = conveational “toop" of sach 


Auwenslons that tt holds 2 milligrams of bactertal cells a 
they are taken from n sold surface, I1ke that of agar. 





The “Loop” 
Measnvement. 
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slide. More accurate dilutions can 
means of capillary tubes. 

A conveniont amount of serum i allowed 
enter the tube by capillary attraction, n 
of this column is marked on the tube and 


being separated from the by as 
bubble of air. It is Rolly al Oe vi 
minute quantity of serum, one may make ss 
with dilutions of one in ten, one in twenty, one 
thirty, one in forty, ete., details which are 
sary for a correctly performed test, It is 
portant that in the different dilutions the 
amount of bacterial emulsion be used. 





size, One should always deal with definite quan- 
tities of the serum dilutions, and should always 
add the same amount of bacterial emulsion in the 
various tubes involved in a test, 

‘The micro Tf agglutination occurs in the microscopic prep- 
wm. aration described above, one sees, with the high 
power, in the course of from fifteen minutes to 
half-hour, that two or more micro-organisms — 
which come in contact have a tendency to remain 
in this position. In the case of a motile organiam 
(typhoid) the movements may be exaggerated for 

atime. In the course of the next few hours, other 
I cells are added to incipient groups and new groups 

originate, Motility becomes less and less and event- 
ually ceases, in a characteristic reaction. The 
maximum change has taken place in from six to 
eight hours. Not less than fonr or five cells which 
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are permanently agglutinated are considered in- 
dicative of a positive reaction; the test is most 
decisive when large masses are formed, so large that 
they are seen readily with a low magnification. A 
similar preparation to which no serum has been 
added should always be made, in order to eliminate 
spontaneous or “auto-sgglutination” as a possible 
souree of error. 

‘Tn a maeroscopie test, the uniform cloudiness of 
the mixture of scrum and bacteria becomes 
changed by the formation of smaller and larger 
flakes or clumps of bacteria, which in the course of 
‘a few hours sink to the bottom as a white precipi- 
tate, leaving a clear overlying fluid. Here also a 
control tube, to which no serum has been added, 
should be preserved for comparison. 

‘The body temperature, which may be obtained 
in a thermostat, facilitates the reaction. 

‘The value of an agglutinating scrum can not be 
expressed in units with the exactness that ia at- 
tained in measuring diphtheria antitoxin for the 
following reasons : 1, The limits of the reaction are 
not sufficiently definite; 2, a given mage of bacteria 
has the power of absorbing varying amounts of 
the agglutinating substance, depending on the con- 
centration of the latter; and 3, it is impossible to 
obtain standard bacterial emulsione. 

One may arbitrarily decide on a unit similar to 
that of Ziipnik, in which o serum which is able 
to agglutinate a given mass of bacteria in a dilu- 
tion of one in forty is taken as the standard, Ifa 
similar amount of serum agglutinates in a di- 
Tution of 1 in 120 it is said to be of threefold 
strength. 


The Amgtott~ 
ain Unit. 
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‘The value of the agglutination reaction aa 
considered lor 





"tea. complete if one did not mention the phenomenon 








aa it occurs with cella other than those of bacteria, 
in particular the red blood cells. ‘The serums of 
many animals, as stated in a previous chapter, are 
toxic for the erythrocytes of some other epecies. 
Tn some instances, the corpuscles lose their hemo- 
globin under the influence of the serum (hemoly- 
sis); in other instances, or even with the eame 
serums if previously heated, the corpuscles are 
thrown into clumps and settle to the bottom of the 
test tube, leaving a clear overlying fluid. ‘The 
analogy with the bacterial agglutinins goes still 
further, in view of the fact that the for ion of 
these “hemagglutinine” may be induced artificially 
in the body of an animal by the injection of 
erythrocytes from another species. An animal 
does not form agglutinins for ite own cells (auto~ 
agglutinins), but often does, however, for the cells 
of another member of the same species (iso-ngglu- 
tinins), What is the next chapter con- 
corning the specificity of the bacterial agglutinins 
alzo holds for the hemagglutinins, 

Certain plant toxins, true toxins with hapto- 
" phorous and toxophorous structures, agglutinate 
red blood cells: ricin, abrin, crotin, ete. Some of 
the earliest and most important work which 
Bhrlich has done in the field of immunity was ac- 











complished with these plant toxina, 
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CHAPTER XIV. 





THE NATURE OF THE SUBSTANCES CONCERNED IX 
AGGLUTINATION. 


‘Two substances are concerned in agglutination : 
one, the active or agglutinating substance, exists 
in the serum, while the other, the substance acted 
‘on or the agglutinable substance, is present in the 
bacteria. The agglutinable substance is generally 
supposed to be passive in the reaction, while the 
agglutinating property seems to posaess a ferment- 
like element, which acts on the agglutinable sub- 
stance. Agglutinin, the term used in the proced- 
ing chapter, is now generally applied to the sub- 
stance in the serum. Recently the bacterial con- 
etituent has been called agglutinogen, because of 
the belief that the agglutinable substance, when 
introduced into the animal body, stimulates the 
latter to the formation of agglutinin; hence ag- 
glutinogen means, not agglutination-producing, 
but sgglutinin-producing. These ehorter terms 
will be nsed for the sake of convenience. 

The presence of agglutinogen in an organism 
may be demonatrated in three ways: 1. The mere 
fact of its agglutinability by a serum is evidence 
‘of the presence of an agglutinable substance. 2. 
If during infection or immunization the serum ac- 
quires agglutinating properties, the bacterium pos- 
esses an agglutinogenic substance. 3. If a cul- 
ture is mixed with a serum containing the specific 
agglutinin, and after a period of contact is re- 
moved by centrifugation, the resultant disappear- 
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ance of agglutinin from the serum, ¥ 
demonstrated, shows that something 
teria (agglutinogen) has combined 





ency to believe that it exists in the cell envelope or 
perhaps on ite surface. It appears to be formed in 
the cell, and, in some cases, it may be excreted into 
a surrounding medium; certainly when bacteria 
die and disintegrate agglutinogen is liberated, ‘The 
filtrates of certain cultures (entirely free from 
bacterial cells), when injected into animals, will 
cause the formation of agglutinins. Also, just as 
a micro-organiam is able to absorb agglutinin from 
the corresponding antiserum by a process of 
chemical union, so a filtrate af the type mentioned 
is able to neutralize the agglutinating power of the 
serum. In these instances, agglutinogen becomes: 
free as a consequence of disintegration of some of 
the bacterial cells. 

‘The filtratee of certain cultures exhibit another 
phenomenon when they are mixed with their spe- 
cific antiserums; this has to do with the bacterial 
precipitins of Kraus. If, for example, the filtrate 
of an old typhoid bouillon culture is mixed with 
antityphoid serum, a distinct precipitate is formed 
which eventually settles to the bottom of the tube. 
‘This is a epecifie reaction, and does not occur if the 
filtrate is mixed with some other immune serum, 
It is thought by some that this so-called precipi- 
table substance in the filtrat identical with the 
agglutinable substance (agglutinogen), but this 
point is still the subject of investigation. 








=. 
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Aggiutinogen’ may be extracted from miero- 
organisms by chemical processes, The presence 
of the substance in the extracts becomes manifest 
when immunization with them causes the forma- 
tion of an agglutinating serum. This, again, is 
the “test of immunization.” 

The agglutinogen of one bacterium is not iden- 


tical with that of any other. If they were identi- gf 


cal, immunization with the one would yield an ag- 
glutinating serum of equal power for both cells; 
this, howerer, is not the result obtained. On the 
other hand, the agglutinins of two different organ- 
isms may coincide to a certain degree, as will be 
shown under the subject of “group agglutination.” 
Certain experiments go to show that the agglutin- 
ogen of even a single micro-organism is not uni- 
form substance. One portion is heat-susceptible, 
being destroyed at 62 C., while another portion is 
taid to resist a temperature of 105 ©. Such tech- 
nical questions continue to be investigated. 

Axglutinogens are said to pass through semi- 
permeable membranes, while agglutinins do not. 

Smith and Reagh distinguish two kinds of ag- 
giutinogen in those bacteria which possess flagella, 
one peculiar to the cell body, and the other to the 
flagella, 


Agglutinin may be precipitated completely from 


aserum by the sulphates of magnesium or amrno- “ 


nium, when the salts are used in proper concentrs- 
tions. Becauee of their reaction to auch precipi- 
tating agents, agglutinins are thought to belong to 
the globulin fraction of serums; whether globulins 
Or not, they are previpitated with them, 
Agglutinins resist digestion with pepsin and 
papayotin, but are destroyed after prolonged ex- 
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Te ts cncivesint bs spuuk o¢ ths Piatto es 
agglutinin and agglutinogen, and of the process in 
the body through which agglutinins are formed, in 
terms of the side-chain theory. Accordingly, if 
that constituent of micro-organisms which we have 
termed agglutinogen is the substance which stimu- 
lates the tissues to form agglutinin, we must as- 
sign to it a haptophorous group through which it 
may unite with the receptors of the tissue cells, 
This haptophore comes into play again in the union 
between agglutinogen and agglutinin, which pre- 
codes agglutination, There is no reason for as- 
signing to agglutinogen any other structure than 
this single haptophore; it is a passive body, similar 
to antitoxin, and has no other function than that 
of uniting either with cell or with agglutinin. 

Agglutinin also must have a haptophorous or 
binding group, inasmuch aa it entere into combina~ 
tion with agglntinogen, Tn addition to this bind- 
ing group, experiments have shown that agglutinin 
possesses a toxic constituent, which is analogous 
to the toxophorous group of the toxin molecule. 
In this case, however, it is called a zymotoxic, 
zymophorous or agglutinophorous group; sup} 


" edly it has a ferment-like activity (Fig. 6). 


analogy with toxins goes farther, in that the 
zymotoxie group of agglutinin may degenerate or 
may be destroyed, leaving the haptophorous group 
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with its binding power for agglutinogen practi- Ammtntmotd« 
cally unaltered; these are agglutinoids, just os 
toxins when changed in a similar way are callod 
texoide. A serum which is rich in agglutinin may 
be changed into one rich in agglutinoid by expo- 
sure to a temperature of from 60 to 76 C., and by 
the action of acids or alkalies; the change also 
takes place spontaneously in the course of time, 
when the agglutinin is in eolution. 

lutinoids are detected by methods analogous 
to those used in the recognition of toxoids, If 
toxoids unite with all the antitoxin in a solution, 
there naturally remains no antitoxin to unite with 
true toxin which may be added subsequently, Sim- 
larly, if all the agglutinogen in a mass of micro- 
organisms has united with inactive agglutinoid, 
agglutinin which is added subsequently would have 
no point of attack and the reaction of agglutina- 
tion would not occur. So we may say that when 
bacteria are treated with a seram which has lost 
its original agglutinating power, and the bacteria 
are thereby made insusceptible to the action of a 
fresh agglutinating serum, the former serum con- 
tains agglutinolds. 

Sometimes it is found that even a fresh serum, Fromm. 
when concentrated, will cause less agglutination *'"™*!* 
than when diluted. This has heen referred to the 
presence of agglutinoids which have a stronger 
affinity for agglutinogen than has the agglutinin; 
when of this character they are called proaggln- 
tinoids, and accordingly are analogous to the pro- 
toxoids mentioned earlier. As the serum is diluted 
the concentration of the pro-agglutinoids becomes 
Tess, and at a time when they are eo dilute that they 
hare no influence on the reaction, the agglutinins 


_ 
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are still present in such quantity that agglutina- 
tion is brought about, 
The presence of some salt is necessary for the 


nacen 
on, occurrence of agglutination. Bordet found that 





if the salts were removed from the serum and from 
the suspension of bacterin by dialysis, and the two 
were then mixed, agglutination did not oceur; if 
a small trace of sodium ehlorid was added the re- 
action took place promptly. Furthermore, if the 
serum was completely removed from the bacteria 
by repeatedly washing them in distilled water, it 
was found that the microbes had absorbed the ag- 
glutinin, but the latter remained inactive until the 
salt was added. 

‘This experiment not only suggests a bentonite: 
ous as distinguished from a zymotoxie group, but 
also indicates that agglutination consists of two 
phases. The first phase represents the union of 
agglutinin with the bacteria, while in the secand 
are included the other changes necessary for the 
clumping of the organisms, in which the activity 
of the zymotoxic group is represented. The action 
of the salt, just cited, is unknown. 

The properties of serums which are of interest 
in immunity are now being studied by chemists, 
notably by Arrhenius, The study of mass action, 
of chemical equilibrinm between agglutinin and 
agglutinogen, for example, and of the dissociation 
of the compound after it has once formed, are 
subjects under investigation, but which are too 
technical to be entered on here. 

“Group agglutination” has been referred to. By 
this is meant the ability of an antimicrobic serum 
to agglutinate certain other organisms which mor- 
phologically, biologically and often pathogencti- 


_ Ain 
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cally, are closely related to the homologous bac- 
terium. In these instances, the agglutinating 
power is greatest for the homologous organism, 
and the degree to which the heterologous organisms 
are agglutinated is, to some extent, an index of 
the proximity of the relationship of the latter to 
the former. Antityphoid serum has been found to 
agglutinate the psittacosis, colon, paracolon, and 
paratyphoid bacilli and Bacillus enteritidis, but 
the action is never so strong as on the typhoid 
bacillus itself. We are to understand that this 
power to agglutinate related organisms represents 
something more than the normal property of the 
serum; there has been an actual increase in agglu- 
tinin for the heterologous bacteria as a result of 
infection or immunization by the primary organ- 
ism. 

Having typhoid fever in mind, this is a rule 
which works both ways. Infections with the colon 
bacillus and related organisms, and sometimes 
with orgnnisms not closcly related, as the ataphylo- 
coeeis, may cause an increase in agglutinin for the 
typhoid bacillus. The importance of this fact is 
evident, and it may explain the positive Gruber- 
Widal reaction sometimes found in infections 
other than typhoid. 

Tnasmuch as the highest agglutinating power is 
always manifest against the homologous organism, 
this is spoken of as the chief agglutinin (Maupt- 
agglutinin) of the serum, while the weaker aggin- 
tinins for other organisms are ca‘led partial or ad- 
ventitions agglutinins, or coagglutinins (Mitag- 
glutinin). 

The phenomenon of group agglutination would 
seem to violate the specificity which we are in the 


— 
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nate a8 a, be, d, and e; these differ among them- 
selves in unknown respects, but each is able to 
stimulate to the formation of a corresponding ag- 
glutinin. The serum, then, would bave the ag- 
glutinin molecules A, B,C, D and ©, also differing 
among themselves, but having at least one 
in commion—that of causing agglutination of the” 
typhoid bacillus by uniting with the correspond- 
agglutinogenic molecules. Tn this sense noth- 
ing could be more specific. The Bacillus enteri- 
tidig, closely related to the typhoid organism, may 
posses the agglutinogenic molecules ¢, d, e. f, g, 
and h, and following the principle expressed above 
wonld stimulate, in the body, to the formation of 
the agglutinin molecules C, D, E, F, @ and H. 
Inasmuch as the agglutinogens c, d and c are com- 
mon to the two bacilli, the agglutinins C, D and B, 
which are present in both serams, would affect 
either of the two organisms. The typhoid serum, 
however, would contain five agglutinins for the 
typhoid bacillus and only three for the Bacillus 
enteritidis, consequently the action would ba 
stronger against the typhoid bacillus; mutato mu 
tandis, the same applies ‘to the enteritidis serum 
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‘The game line of reasoning would explain the in- 





ereased agglutinating power of an anticolon serum ~ 


for the typhoid bacillus. 

A farther claboretion of this principle may be 
made in a case in which two different strains of 
the same organism (typhoid bucillus) have some 
what different agglutinogenic molecules; vonse- 
quently the, homologous immune serums for the 
two organisms might not coincide in their ug- 
oe powers for a third strain of the bacil- 
3. 


Tn view of the points mentioned, it is clear that 
specificity of a given serum may be determined 
only by diluting the serum to such an extent that 
the congglutinins practically are eliminated, the 
chief agglutinin being present in so much greater 
concentration that it is still able to agglutinate 
the homologous bacterium, 

‘Theoretically, it is also important for the spe- 
sificity of the reaction that the particular strain 
of the organism to be used for the test correspond 
in its agglutinogenic molecules or receptors with 
those of the strain used for the immunization; the 
Riaieipogmuic receptors should be typical for the 


It rs oubttul if group agglutination occurs 
among all closely related bacteria, inasmuch as 
Koile found that it did not exist among the vib- 
rios. 


Tt is thought possible that the multiple agglu- 


finating power of a serum may be caused by mixed tm 


infections in come instances, Although this is to 
he kept in mind, one should not overestimate its 
Wingnostic importance, because » similar multi- 


Luportance of 
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plicity may result from infection by a single micro 
organism, 
» The explanation of the production of aggluti- 
nins by the body, according to tne conception of 
 Ebrlich, 1s similar to that already given for the 
production of antitoxins. That is to say, the ag- 
glutinin molecules are cast-off cell receptors, the 
overproduction of which has occurred as a result of 
their union with the agglutinogenie molecules of 
the bacteria. The antitoxin receptors were rela- 
tively simple, having no other demonstrable struc- 
ture than that of the haptophorous groups through 
which they unite with the corresponding toxin. 
Receptors of We have rocognized in the agglutinin receptor two 
groups, a haptophorous and a zymoloxic; conse- 
quently it must have this same structure when it 
is still a part of the cell. Ehrlich designates it as 
a receptor of the second order, which, being de- 
fined, is a receptor in which a haptophorous and a 
zymotoxie group exist as integral parts of the 
molecule (Fig. 6). 

In accordance with the side-chain theory, the 
ability of an animal to form agglutinins for a cer- 
tuin organism would depend on its possession of re- 
coptore of the second order which are able to unite 
with the agglutinogenic receptors of the bacterium 
It is well established that different animals may 
not form ceruma with equal agglutinating powers 
for an organism. ‘The following is a concrete ex- 
ample: Wassermann immunized rabbits, guinea- 
pigs and pigeons with a etrain of the colon bacil- 
Tus, and tested the three serums with fifteen other 
strains of the same organism, The serum of the 
guinoa-pigs readily agglutinated the strain which 
yas used for immunization, but scarcely affected 














SPECIFICITY OF SERUM. 2 


the others. The serums of the rabbits and pigeons 
also ngglutinated the homologous culture, but the 
congelutinins which they possessed did not affect 
other strains equally. Consequently, it was sup- 
posed that the cells of the three animals contained 
a limited number of receptors in common, whereas 





ntation of receptors of the second 
iting with one of them. ¢, 
i, toxophore or aymo} 

Sux group Of the receptor: ¢, haptophore of the recepto 
food mabstance or product of bacterial divinterration unfit 
‘Hh the Linptophore of the cell receptor. Trom Ebeilch's 
“Bcblussbetrachtungen,” Nottuagele Sywtem of Medictae, 
vol, th, 














other receptors which were présent in one of the 

animals were largely wanting in the other two. 
Tnogelutinability was mentioned as a charac- 

teriatic of certain bacteria, especially the bacillus M7, 08.20% 

of Friedlander, This condition is much more 

important when it involves an organism whieh 
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nsuaily is agglutinated with ease. In some in- 
stanoes, the typhoid bacillus when freshly eulti- 
vated from a patient, or, indeed, from contami- 
nated water, has been found to resist agglutination 
by a strong serum; the same organism after a 
period of existence on artificial media becomes 
glutinable, Widal and Sicard noted that often the 
serum of a typhoid patient would not agglutinate 
the bacillus which had been cultivated from the 
patient's own body, although the same serum 
would agglutinate laboratory cultures. Cultiva- 
tion of the typhoid bacillus at 42 C. will cause it 
to lose its agglutinable property, but it may be re- 
established by subsequent cultivation at lower 
temperatures. It seems that this variation muat 
be due to some change in the bacteria, i.e, in the 
agglutinable substance. It is possible that the 
organism, during its existence in the animal, be- 
comes immunized against the action of the agglu- 
finin just as the animal becomes immunized 
against the toxic action of bacteria, ‘This condi- 
tion in the micro-organiems would then be repre~ 
sented by a great excess of agglutinogenic recep- 
tors, so that a much greater amount of agglutinin 
would be required to cause clumping. It is read- 
fly seen how the use of an inagglutinable strain of 
the typhoid bacillus would affect serum dingnosis. 
We are to consider that in the phenomenon of 
agglutination a reaction of a chemical or physico- 
chemical nature takes place between the agglutinin 
of the serum and the agglutinogen of the micro- 
organiems, the actual clumping following as a 
consequence of this reaction. It is not a “vital” 
reaction, for dead bacteria may be agglutinated. 


‘Theories of 
Aggiatina~ 
tlon. 








AGGLUTINATION, 2st 


‘Theories of agglutination have to do, not with 
the existence of agglutinin and agglutinogen, but 
rather with the nature of the reaction between the 
two, and the influences which bring about the 


so affected the bacteria that they became sticky; 
consequently, as they came in contact, they were, 
% to say, glued together. Dineur thought changes 
occurred in the flagella of the organisms, a theory 
which is untenable because come bacteria are ag- 
glutinable which do not possess flagellw. Em- 
merich and Loew refer agglutination to the action 
of an enzymo which is produced by the bacterium 
itself, a theory which is not given general credence. 
Bondct excludes the vitality or motility of the or- 
ganisme as factors, and belicves that the process is 
purely a physical one, because of the fact that 
some known chemical substances may be made to 
precipitate or to agglutinate certain other sub- 
stances (precipitation of colloids by salts); the 
theory presupposes some change in the molecular 
attraction between the microbes and the surround- 
ing fluid. 
Other theories have to do with the question of 
ipitation. As previously stated, when the fil- 
fady ‘of cultures of certain organisms are mixed 
with their corresponding Immune sernms, precipi- 
tates occur in the mixtures. It was mentioned 
that the substance in the filtrate which takes part 
in the precipitation may represent, in part, the ag- 
giutinable substance which has been excreted by 
the bacteria. Nicolle supposes that the agglutin- 
able enbstance resides in the external layer of the 
bacteria and that when the serum is added a coag- 
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ulation occurs in the envelope, rendering conles- 
cence with the envelopes of other individuals pos- 
sible. The theory of Paltauf that the agglutinablo 
substance finds its way to the surface of the bac~ 
terium and is precipitated by its union with ag- 
glutinin is somewhat similar. The shell of the co- 
agulated substance accounts for the sticky charac- 
ter which the envelope acquires, according to the 
theory of Gruber. Paltauf cites observations 
which tend to show that some substance actually 
is extruded from the micro-organisms during ag 
glutination, and that in properly stained speci- 
mens it can be seen as a precipitate surrounding 
and between adjacent organisms. 

‘The multiplicity of theories leads one to suspect 
that the true nature of the process remains obscure, 
The physical nature of the reaction is strongly 
supported by the facts that bacteria may also be 
agglutinated and precipitated by well-known chem- 
feal substances, such aa hydrochloric acid, and by 
various organic and inorganic colloids (colloidal 
solutions of calcium chlorid (CaC),), zinc sulphate 
(ZuSo,), ferric hydroxid (Fe(OH),), aluminum 
hydroxid (Al(OH),), ferric chlorid (FeCl,) and 
aluminum chlorid (AICI,). Some of these sub- 
stances behave like the agglutinating seroms in 
the possession of the so-called prozone; i, 0, they 
may fail to agglutinate in more concentrated solu- 
tions, whereas after dilution, their agglutinating 
power becomes manifest (hydrochloric acid and the 
staphylococcus, according to Buxton and Rahe). 
Still further indirect evidence of this nature of 
the reaction is found in the observation, made first 
by Neiser and Friedberger, that two colloids which 
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bear opposite electrical charges result in sedimenta- 
tion when they are mixed in suitable proportions. 
Eosin and Bismarck brown, mastic and colloidal 
ferric hydroxid (Fe(OH),), colloidal silicic acid 
and colloidal ferric hydroxid are mixtures which 
behave in this way. Here also the inhibiting 
“prozone” is obtained in concentrated solutions. 
An analogy appears to exist between bacteria 
which have absorbed agglutinin and certain colloids 
in that both may be agglutinated by the additjon 
of suitable electrolytes. This phase of the agglu- 
tination of bacteria was referred to previously. In 
a like manner “agglutinin-bacteria” and the col- 
loids mentioned may alike be precipitated by 
various salts (electrolytes), such as the chlorids of 
sodium, calcium and potassium, and many others? 





1. Buston and Rabe: Jour. Med. Research, 1909, xx, 118. 
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PRECIPITINE. 


Because of their scientific importance and cer- 
tain practical features, the serum-precipitins 
should receive something more than the incidental 
mention which has been given them under agglu- 
tinution and in other chapters, 

In 1897 Kraus discovered that bouillon cultures 
of the organisms of typhoid, cholera and plague, 
from which the bacteria had been removed by fil- 
tration, would cause precipitates when mixed with 
their respective antiserums, The reaction is spe- 
cific, As stated later, however, this specificity 
holde only when those quantitative relationships 
are observed which were found so essential for the 
agglutination test. The precipitins of Kraus are 
the bacterial precipitins. He proposed their use 
for the identification of micro-organisms. Tt, for 
example, one has in hand a culture which he sus- 
pocta to be that of the typhoid bacillus, it may be 
grown in a liquid medium, the cells removed by 
filtration, and the filtrate mixed with a known 
antityphoid serum; if a precipitate oceura when 
the serum is sufficiently diluted, the reaction indi- 
cates that the organism in question is the typhoid 
bacillus. Inasmuch as precipitine are formed dur 
ing the course of some infections it may be possible 
to use them in clinical diagnosis, but for either 
bacterial or clinical diagnosis the agglutination 
test is more readily performed and interpreted. 


a 
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Phytoprecipitins are produced by immuniza- 


tion with albuminoug substances of plant origin, eon 


as ricin and albumin from grains, and their action 
is specific for the homologous substance. 

Zosprecipitins are obtained by immunizing with 
animal albumins, Through the work of Wasser- 
mann and Uhlenhuth, of Nuttall, and others, it 
has been demonstrated as a general law that im- 
munization with an albumin from whatsoever 
source gives rise to the formation of a precipitin 
which manifests ite action only against the par- 
ticular albumin used for the immunization. Hence, 
the albumin of a particular serum, in some un- 
known respect, is different from that of all others; 
it is special to the species. 

Immunization with milk causes the formation 
of a precipitin which throws down the cascin of 
the milk used for injection, but not that of milk 
from another species. The milk of the gost may 
be differentiated from that of the cow by the use 
of the lactoserum. 

Likewise, after the injection of egg-white a 
precipitin is formed which is specific for the type 
injected. 


‘Three substances are open to study in the pre- 
cipitation reaction. First, the fluid or substance 


which is used for immunization ; it bears the name t" 


‘of precipitogon, i. 0, the procipitin-producing sub- 
stance, Second, the specific constituent of the 
Precipitating serum, i. ¢., the precipitin. Third, 
the precipitate, which is a consequence of the reac- 
tion between precipitogen and precipitin. We are 
able to recognize in this instance the actual end- 
product of a reaction, a condition which is not #0 
easily realized in other “immunity reactions.” It 
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is true, of courge, that little has been lear 
corning the nature of the end-product; its 
try is as dark as that of the protelds in general. 

As stated in the chapter on “Natural Immun- 
™ ity?’ normal serums occasionally have the power 
to cause precipitates in other serams. 
for egg albumin and goat serum have been found 
in extracts of organs, although at the same time 
they were absent from the scrum of the animal. 
Tn this case the active bodies exist in the calls as 
“sessile receptors,” and by the process of extraction 
they are brought into solution. During immuniza- 
tion these same receptors are stimulated to over- 
production and are thrown into the circulation as 
free precipitin receptors. 

‘The power of forming precipitins may be widely 

distributed among the organs. This function has 
been assigned to the leucocytes (Kraus and Leva- 
diti, Moll), and in one case they were formed 
locally in the anterior chamber of the eye (¥. 
Dungern, Romer). 
For the artificial production of precipitins the 
preeipitinogenous fluid may be injected into the 
voins, peritoneal cavity or the subeutaneous tissue. 
Within from four and a half to five days the pre- 
cipitin has been formed to such an extent that it 
may be demonstrated in the seram of the im- 
munized animal. 

As in the case of agglutinin formation, not all 
animals have equally the power of forming a pre~ 
cipitin for a given albumin. This point, as re- 
lated to serum precipiting, is of particular impor- 
tance, and involves a factor which ix of no conse- 














quence in bacterial agglutinins, In the first 
place, an animal will not form a precipitin which 
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is active ngainst its own scrum, i. ¢., by bleeding 
an animal and reinjecting the serum a specific pre- 
cipitin ix not formol. If formed it would be an 
autoprecipitin, and, as a rule, animals do not form 
antibodies for their own tissue constituents. 

animals are less likely to form antibodies 
for the tissue constituents of other members of the 
same species than for those of other species; these, 
when formed, are called izo-antibodies. Schutze 
iminunized thirty-two rabbits with serum from the 
rabbit and obtained an iso-precipitin from only two 
of the number, In the third place, animals do not 
readily form anti-bodies for the tissue constituents 
of other animals which zodlogically or biologically 
are closely related. Immunization of the guinea- 
pig with the serum of the rabbit, a pigeon with 
that of a chicken, or a monkey with human serum, 
are procedures which usually do not yield preeipi- 
tating serums. 

Chomieally, little is known of precipitins. Thoy 
are thrown down by ammonium sulphate in con- 
jnnetion with the euglobulin fraction of serum, and 
aro destroyed by those substances which alter al- 
buminovs bodies, as acids, alkalies, pepsin and 
trypsin. That bacterial precipitins are not iden- 
tical with agglutinins for the same bacteria is 
shown by the following facts: Immunization with 
certain bacteria may produce ogglutinin but no 
preeipitine, Precipitins develop more slowly than 
agglutinins. As a rule precipitins are inactuated 
at lower temperatures than agglutinins, 

When serum is heated to from 50° to 60° C. its 
ability to cause a precipitate in the homologous 
precipitogen is destroyed, although it may be dem- 
onstrated that the power to combine with the Iat- 


Nature or 
Preelpition, 


Specie 
Inhibition. 
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fer is unchanged. Hence precipitin, like agglu- 
tinin, is composed of two groups, a binding or 
haptophorons, and a ferment-like group in which 
the active pi reside; the latter is the coag- 
wiin of the ‘When precipitin has lost its 
coagulin it rena ‘precipitoid, and as precipitoid 
it may unite with precipitogen and thereby inhibit 
the action of a fresh precipitin which may be 
added later, When a precipitating seram has 
partly degenerated into precipitoids, that is, when 
it consists of a mixture of precipitin and precipi- 
toid, it is found that the latter have the greater 
affinity for preeipitogen; hence, in concentrated 
solutions of the serum, precipitoid may be present 
in sufficient quantity to bind all the available pre- 
eipitogen, and the reaction would occur in 
spite of the presence of active precipitin. ‘This is 
spoken of aa specific inhibition. The action is 
analogous to that of toxoids and agglutinoids, and 
the phenomenon is mentioned again in this in- 
stance in order to emphasize the fact that certain 
principles of action are common to many of the 
immune substances. Precipitoids, like toxoids and 
agglutinoids, are formod by long standing, by the 
action of heat and light and by other injurious in- 
fluences. 

The molecule of precipitin, like that of aggiu- 
tinin, is a receptor of the second order (Fig. 6). 

The attempt has been made to produce antipre- 
cipitins by immunization with precipitating 
serums; this is immunization with an immune 
scrum. It is reported that antibodies have been 
obtained for lnctoserum, but not for bacterial pre- 
cipitins. There is a limit to the cycle of antibody 
formation. 
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Preeipitogen may be defined as any albuminous 
‘substance immunization with which will cause the 
formation of a specific precipitating serum. In 
addition to those mentioned above, albuminous 
urine, pleural exudates, ascitic fluid and that from 
hydrocele are precipitogens. The saine is true of 
some albuminous fractions of scrums, a globulin, 
the precipitating serum for which may be called 
antiglobulin. Kraus believes that the preeipitogon 
of bacterial filtrates is associated with albuminous 
molecules. Jacoby obtained by tryptic digestion 
of icin, a precipitogon which gives no albumin 
reaction. On the other hand, certain precipito- 
gens are destroyed by pepsin and trypsin, a fact 
which indicates their albuminons nature, 

Certain precipitogens are said to consist of a 
thermolabile and a thermostabile portion, the dif- 
ferentiation of which we need hardly consider, 

It is of no little interest that precipitogen, simi- 
lar to precipitin, consists of two groups, through Pee 
‘one of which it unites with precipitin, whereas the 
other has a congulating function. Egg albumin, 
for example, when hoated to rather high tempera- 
tures, loses its ability to participate in the pre- 
cipitation reaction, although it retains its binding 
power for precipitin. In view of the fact that the 
two substances which enter into the reaction have 
similar etroctures, it is difficult to say which os 
sumes the passive and which the active réle. De- 
generated precipitozen is also called precipitoid. 
Tn order to distinguish the two precipitoids one 
must speak of the precipitoid of precipitogen, and 
the precipitoid of precipitin. The precipitoid of 
Seagiei yields precipitin by immunization; 

it is all the more analogous to the toxoids. 
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Freckptiota 
from 
Precipitowens 


as a coherent white sediment which in the om : 
of twenty-four hours has left the ee 


quite clear. The action of the pi 

serums is more rapid, and in ep ease pe peer 
tation is hastened by placing the fluids at body — 
temperature. As intimated above, the ‘occurrence 
of the reaction depends on an intact condition of 
the coagulin groups of both substances. A low 
concentration of organic acid favors, whereas min~ 
cral acids and alkalies inhibit or prevent precipi« 
tation; a neutral reaction is indifferent. The pre- 
cipitate contains albumin, which, however, has be- 
come so changed that it is not susceptible to the 
action of trypain. The two in combining have in 
some way slut off the point of attack for trypsin. 
A lactoserum precipitates the casein of the corre- 
sponding milk. The presence of salts is necessary 
for the reaction of precipitation. Both agglutinin 
and agglutinogen are present in the precipitate, 
but there seems to be no law governing the 
amounts of each in the combination. 

The supernatant fluid contains a remaining 
soluble part of both substances as can be shown by | 
adding fresh precipitin and vice versa. 

Group precipitation is not so pronounced as 
ts. gTOUp aguintination, yet it exists to a certain de- 
gree ay of the utmost practical importance in 
rt attempting to differentiate serams by the precipi- 
| tation method. Although bacterial precipitins are 
" highly specific, it is important to observe the prin- 
i ciple of serum dilution which was emphasized 
| under agglutination, in order to obtain the adven- 
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‘tious precipitins in such small amounts that 
they do not interfere with the chief precipitin, 
‘That feature of the precipitation reaction which 





bas the most practical bearing has to do with its Preetpitins- 


modicolegal use in the detection of human blood. 
For this purpose it has supplanted the specific 
hemolytic serums, which are to be referred to later. 
Jn the course of investigations it was found that 
even the smallest dried blood stain, although 
months old, would cause the formation of a sedi- 
ment when mixed with its homologous precipitat- 
ing serum. It remained for certain important de- 
tails to be worked ont in order to render the test 
sufficiently reliable for forensic work. The spe- 
cificity of the reaction appeared to be threatened 
somewhat when it was learned that the eerum of 
monkeys undergoes precipitation when treated by 
an immune serum which is specific for human 
serum. This is, again, group precipitation. Ad- 
ventitious precipitation is, in fact, so widespread 
that some have felt justified in speaking of a mam- 
malian serum reaction. Honco, in order to insure 
specificity, it has become necessary to use precise 
quantitative methods in differentiating bloods or 
serums by this method. The immune serum which 
is used in the test must: be diluted to some extent 
in order to eliminate accidental precipitins; but 
even a more important precaution is the volumet- 
ric measurement of the precipitate which is 
formed. The technic of Schur may be cited. Test 
tubes are so made that the lowermost portion con- 
sists of a graduated capillary tube. One cc. of the 
Muid to be tested ie placed in one of these tubes, to 
which is then added 0.2 cc. of the precipitating 
serum. The mixture is kept at body temperature 
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(twenty minutes). The volume of the sediment 
may be read by the scale. Nuttall allows the sedi- 
mentation to occur naturally, with the tubes in an 
upright position. Other serums naturally must 
be used a8 controls. If the “unknown” blood 

suspected of being human, a control tube mist 


two tubes yield similar amounts of precipitate 
when they are treated with 0.2 c.c. of a precipi- 
tin which is specific for human serum, the identity 
of the “anknown™ blood as that of man is estab- 
lished. ‘To obtain the specific precipitin it is eus~ 
tomary to immunize rabbits with human seram for 
several weeks. 

Another practical feature of the precipitation 
test has to do with the differentiation of meats. A 
precipitogenous substance which is characteristic 
for the animal may bo extracted or pressed from 
the flesh, and will yield a precipitate when it is 
mixed with a precipitin of homologous nature. 
This ig of particular interest in those countries in 
which the meat of the horse is put on the market 
as a substitute for that of beef. 

(For the relation of preepitins to anaphylaxis 
see chapter on anaphytaxis.) 

Tn view of the fact that the protoplasm of the 
body and the albuminons constituents of serum 
have a close relationship to, or really are, colloids, 
investigntors have studied certain reactions which 
occur among the known colloids with the expecta- 
tion that the reactions of protoplastn and those of 
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serams would receive some elucidation. Not much 
advancement can be made, however, until the prop- 
erties of colloids are more thoroughly understood, 

Substances which go into solution were classi- 
fied by the English physicist, Graham, oa crystal- 
loids and colloids. Crystalloids include many in- 
organic salts. Usually they form clear solutions 
in water and exert osmotic pressure, eupposedly 
because of the small size of their molecules. They 
diffuse with some rapidity and many are conduc- 
tors of electricity. Organic colloide comprise euch 
substances as albumin, starch, dextrin, tannin, 
gelatin and many gums. By proper treatment of 
certain metale and their salts, inorganic colloids 
may be prepared ; for example, ferric hydroxid and 
the sulphids of antimony and areenic, When col- 
loids are dissolved in water the solutions are often 
more or less opaque, and are sometimes opalescent 
beeaute the particles or molecules are of such size 
that they polarize light. They exist in water cithor 
as a solution of molecules of great size or as a sus- 
pension of considerable particles or aggregates of 
molecules, In some instances the particles are so 
large that they may be seen by a magnification of 
1,000 diamoters, while in others no degree of mag- 
nifieation renders them visible with the ordinary 
microscope. By the use of the recently devised 
ultramicroscope, however, the finest particles in 
some colloidal solutions may be discerned. Col- 
Noida! substances, such os albumin, diffuse very 
slowly and exert little or no osmotic pressure, sup- 
posndly beeause of the large sim of the particles. 
They do not conduct electricity, but the particles 
themselves react to the electric current by altera- 
tions in the direction of their motion (i. e., toward 
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the positive or the negative pea and, moreover, 
carry electric charges themsel 

The features of colloids which bring them into 
relation with the subject in hand are their coagu- 
lable nature in certain instances and the fact that 
their particles may be agglutinated or procipi- 
tuted by the addition of minute amounts of salts 
(electrolytes). In this connection one naturally 
recurs to the olservation of Bordet, which was 
mentioned in the preceding chapter, concerning 
the imagglutinability of micro-organisms so long 
as salt is withheld from the solution. This anal- 
ogy would suggest that the bacteria after their 
union with agglutinin may conduct themselves as 
colloidal particles, In the precipitation of colloids 
by salts it has been suggested that the salts so 
alter the cleetric condition of the colloidal parti- 
cles that their surface tension is decreased, and as 
a result of this change neighboring particles 
coalesce in such quantities as to produce a visible 
sediment. 

Neisser and Friedberger have studied certain 
colloids, having in mind the similarity of their be- 
havior to serum reactions, They found, for exam- 
ple, that two of our common dyes which are col- 
loids and bear opposite charges of electricity (cosin 
and Bismarck brown), give rise to a precipitate 
when the two are mixed. Furthermore, the spe- 
cific inhibition which may be obtained in the reac- 
tion with seram precipitins (see above) could algo 
be realized with the eosin and Bismarck brown. 

‘The agglutination of bacteria and of red blood 
eolls may also be accomplished with colloids. 
Landsteiner agglutinated erythrocytes with col- 
loidal rilicic acid, 
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CHAPTER XVI. 





A. GENEUAL PROPERTIES OF HACTEMICIDAL 
SERUMS. 


Antibacterial, bactericidal and bacteriolytie are 
three terms which are used in a rather loose, inter- 
changeable way, although they are not etrictly 

jonymous. A bactericidal serum ix one which is 
able to kill bacteria, as the term implies; if at the 
same time it dissolves the organisms it is bacterio- 
lytic. Inasmuch as some serums, as antityphoi 
do kill bacteria without dissolving them, whi 
others, az anticholera, have the dissolving power, 
the distinction has » certain significance, In either 
case the serum is, of course, antibacterial. For 
lack of a more coricise English term, bacteriolysis 
is used to designate the process in which bacteria, 
with or without solution, are killed by serums. 
Bacteriolysin refers to the substances in serum 
which accomplish this action. The means of de- 
termining the bactericidal power of a serum are 
indicated on page 254. ‘True bacteriolysia is beat 
‘observed with the organism of cholera and its 
Antiserum as described later under the title of the 
Pfeiffer experiment. 

Bacteriolysins are far more complex than anti- 
toxins, agglutinins and precipitins. One may best 
appreciate their nature as understood at present 
by tracing their development from the relatively 
simple alexine of Buchner. 

Following the investigations of Fodor, Behring 
‘and others, which showed that normal blood may 
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kill bacteria in the test-tube, and after additional 
facts were obtained by Nuttall, Buchner demon- 
strated that it is not necessary to use the full blood 
in order to obtain the bactericidal action, but that 
serum alone has a similar effect, He spoke of the 
antibacterial substances collectively as alexins 
(substances which ward off), taking the reason- 
able view that natural immunity to bacteria de- 
pends on their presence in the body. The increased 
bactericidal power of the seram which develops 
during immunization or infection with certain 
micro-organisms goes hand in hand with the in- ~ 
creased resistance of the individual against the 
infection. ‘The alexine have undergone a specific 
increase; they are now immune aloxins or, 88 we 
say today, immune bacteriolysins, and it is sup- 
posed that acquired immunity, in these instances, 
dopends on their new formation. 

Alexins were very sensitive substances; they dis- 
appeared spontaneously from serums in a few 
days, were destroyed by a rather low degree of 
heat (55° C.), by ncids and alkalies, and were 
active only in the presence of certain salts, espe- 
cially sodium chlorid. A striking feature of 
alexins, ag distinguished from chemical bacteri- 
cides, was thelr marked selective action on bac- 
teria. The alexins of animal A might destroy one 
micro-organism readily and affect another little or 
none at all, whereas those of animal B might have 
different selective characteristics, 

The Phenom Work which was instituted by Pfeiffer and de- 
Wetter. veloped farther by others led the way to a more 
correct understanding of the nature of alexins. 

Pfeiffer studied the bactericidal action of serums 
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in the body of the living animal, i, e., in the peri- 
toneal cavity. His most classic results were ob- 
tained with the organism of cholera. A guinea- 
pig is immunized against this micro-organism hy 
injections of the killed or living bacteria. We have 
already learned of this process as that of active 
antibaeterial immunization. When the animal is 
well immunized the experiment is begun by the 
intraperitoneal injection of a quantity of culture 
which would be fatal to an unimmunized animal. 
At intervals during the next twenty or thirty min- 
tes small amounts of peritoneal fluid are removed 
for microscopic examination by means of fine 
pipettes which have been drawn out in the flame. 
‘The abdominal wall is punetured with the pi- 
pette through an incision in the skin and the 
fiuid flows into the tube by capillary attraction. 
A portion of the fluid is examined as a hanging- 
drop or dried on a cover-glass, fixed in the flame 
and stained with a dilute solution of carbol- 
fuchsin. Tn the hanging-drop it is first noticed 
that the organisms have lost their motility; the 
comma-shaped and S-shaped forme soon become 
spherical and at first appear swollen and clear, 
whereas in Inter preparations they gradually de- 
crease in size and show a very rapid vibrating 
movement, the so-called Brownian movement, 
which is purely physical in nature, In the course 
‘of from twenty to thirty minutes the organisms 
have been completely dissolved. These changes 
may be followed in the stained epecimens, in which 
the) altered cells eventually appear as fine red 
granules. 

As Metchnikoff. Bordet and others have shown, 
the same result may bo obtained without the inter- 
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The experiment of Pfeiffer may also be con- 
ducted in the abdominal cavity of a non-immune 
guinea-pig by injecting anticholera serum in con- 
junction with the culture (passive antibacterial 
immunization). ‘This is the classic Pfeiffer experi- 
ment, The immune serum should be of such 
strength and should be given in such quantity that 
the anima) is saved in spite of the ten fatal doses 
of culture which the typical experiment demands. 
Experimenta brought to light a condition which 
seomed paradoxic; an old immune serum which 
had lost its bactericidal power as manifested in 
vitro, or ono in which the alexins had been. de- 
stroyed by a temperature of 60° showed its 
original protective power in the al experi~ 
ment. Furthermore, when an inactive immune 
serum was injected into the abdominal eavity, al- 
lowed to remain for a time and then withdrawn, 
ita bactericidal power for experiments in vitro was 
found to be re-established. On the basis of these 2 
facts, Pfeiffer concluded that the specific sub- 
stance ia present in the immune seram in an inac- 
five form, and that it becomes active as a result 


_ 
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of contact with living tissue cells, supposedly the 

endothelial cells of the peritoneum. According to 

this conclusion, an inactive serum could become 

oe again only after ita introduction into the 
ly. 

Tt remained for Bordet to show, on the con- 
trary, that contact of the serum with living cells 
is not necessary to render it active for bacterici- 
dal experiments in vitro. It is sufficient to add 
te the heated immune rerum a small amount of 
fresh normal serum from some norma) animal, 
the quantity of normal serum which is used not 
‘being in itself bactericidal. Under these condi- 
tions, then, we have to do with two serums which, 
when combined, are bactericidal, but when sepa~ 
tated are inactive, The destruction of the active 
property of a serum by heat or by other means is 
called inactivation, and the re-establishment of its 
power by the addition of fresh normal serum is 
reactivation. The immune serum, when heated to 
55 to GO° C., loses something which is essential to 
its activity, and this something may be roplaced 
by the normal serum. That the substance in the 
normal serum is identical with that which was de- 
stroyed in the immune serum is indicated by the 
fact that it is destroyed by the sume degree of 
heat; a heated normal serum will not reactivate 
an immune eerum. 

The conclusion of Bordet that the bactericidal 
power of a serum depends on the combined action 
of two substances has been substantiated by numer- 
ous investigators. These are the substances which 
im recent years have become familiar under the 
names of amboceptor and complement and their 
various synonyms (see p. 256). One of them, the 
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amboceptor, is heat-resistant (t} " 
it is not destroyed at 56° C., whereas the other, 
the complement, is susceptible to heat (thermo- 
labile), being destroyed at that 
killed the alexins of Buchner, The 
is still applied by some writers to the frermolabie 
substance (car rrerp ee its original significance 
having been 
Sptetmelty, The specifiity hich prevails among antitoxins 
ani} agglutinins is found also in the action of bac- 
tericidal serums, When an anticholera serum 15 
injected into the peritoneal cavity of a guinea- 
pig, protection ia not afforded against other vibrios 
or other pathogenic organisms. The specificity is 
so great that the reaction of Pfeiffer may be used 
for the identification of bacteria, If one has in 
hand an unknown vibrio, its identity or non-iden= 
tity as the organism of cholera may be determined 
by injecting it, in conjunction with anticholera 
serum, into the peritoneal cavity of a normal 
guinea-pig; if the microbe is transformed into 
granules it is the vibrio of cholera, otherwise it is 
not. Other bacteria may be identified in a similar 
manner by the use of the proper scrums, In spite 
of this high specificity, the group reaction may 
Group meac- occur even with bactericidal serums. An anti- 
“o™ typhoid serum, for example, shows its strongest 
bactericidal power for the typhoid bacillus, al- 
though it ia at the same time more destructive for 
closely related organisms, as the colon bacillus, 








than a normal serum from the eame species. By 
diluting the serum sufficiently the adventitious 
hacteriolysins are so nearly climinated that the 
specificity of the sernm for its homologous organ- 
ism becomes manifest 
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Bactericidal serums are not obtained with equal 
readiness for all micro-organisms, We are most 
familiar with thove which are yielded by immuni- 
mtion or infection with the microbes of cholera, 
typhoid, plague, the colon bacillus and related bac- 
teria. Many other bacteria, as tho pneumococcus, 
streptococcus, tubercle bacillus and others, yield 
neither antitoxins nor bactericidal substances, In- 
asmuch as recovery from euch infections ie an ex- 
presion of acquired immunity, na matter how 
temporary it may be, it is evident that not all ex- 
amples of acquired immunity can be explained on 
the basis of the serum properties which we now 
recognize. This will be referred to again in rela- 
tion to phagocytosis (Chapter XVIIL), 

iments af xome importance have to do 
with the ability of bacteria to absorb the homolo- 
gous bactericidal substance from a serum when the 
two are mixed in test-tubos, Hence, if natural 
antibacterial immunity depends on the bacterioly- 
sin which is present in the circulation, a large 
maze of the bacterium when injected intravenously 
should ahsorb or fix the bactericidal substances ; as 
& Consequence, serum which is drawn later should 
show a great decrease in its bactericidal power for 
the organism which was injected. Although re- 
sults of this nature have been obtained by a num- 
her of competent investigators, they are not with- 
ut exception. In the same connection fatal infec- 
tions should be accompanied by a decrease of the 
natural bactericidal power of the serum for the 
organism involved. ‘This has been found to be true 
in man in relation to plague, and in some animal 


infections. 
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In a preceding chapter micro-organisms were 

mn divided, first, into those which secrete Sane 
ne ins, immunization with which causes the 

tion of antitoxins, and, second, those which do not 
secrete euch toxins and for which no 
tions known at the present time are successful in 
stimulating to the formation of antitoxins. These 
lines, however, can not be drawn sharply, for there 
are a few micro-organisms which, according to 
munipulation, cause the formation of either an 
antitoxic serum or a bactericidal serum. In gen- 
‘eral it may be said that the character of the serum 
depends on the bacterial constituent which is used 
for immunization. If the diphtheria bacillus it- 
self, or the pyocyaneus bacillus, is injected, the 
toxin having been washed away, bactericidal ser- 
ums are formed, whereas if toxins alone are intro- 
duced, antitoxins are the result, After all, it 
seems plain that the bacteria of the second group 
must be pathogenic, beeause of toxic substances 
which they carry with them into the body. In 
view of the fact, however, that they do not secrete 
zoluble toxing in culture media, it is held that 
their toxic properties are integrally associated with 
the bacterial protoplasm; they are the endotoxins 
spoken of previously, 

‘The qnestion naturally arises: Does a bacteri- 
cidal serum in dissolving or killing its homologous 
organism neutralize the endotoxin at the same 
time? On the basis of very positive experiments 
which have been performed, especially by Pfeiffer, 
it is evident that the serum has no such action. In 
the experiment of Pfeiffer, one may inject into the 
abdomen a sufficient quantity of anticholera serum 
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to kill all the organisms which have been intro- 
duced, and yet the animal may die with the intoxi- 
tion of cholera. Furthermore, if one considers a 
culture of the cholera vibrio, which has been killed 
by heat, as representing so much cholera toxin, 
anticholera serum protects against no more of it 
than doos the same quantity of normal serum, It 
is believed that anticholera and similar immune 
serums may even increase intoxication by dissolv- 
‘ing the bacteria and thus liberating an excess of 
in. 

We have little positive knowledge concerning the gr! 
organs which form the bactericidal substances in 
aequired immunity. Pfeiffer and Marx, in rela- 
tion to cholera, and Wassermann in typhoid, found 
that the spleen and the hemopoietic organs in gen- 
eral contain the immune bodies in greater concen- 
tration than the blood serum, and in immunization 
experiments the bodies may be demonstrated in 
these organs at a time when they are absent from 
the cirenlation. This fact is generally accepted as 
proof of their formation at these points. Wasser- 
moann and others have demonstrated the presence 
‘of complement in the leucocytes, and Metchnikoff 
holds that it ia produced only by such cells. (See 
origin of agglutinins, Chapter XITL) 

‘The standardization of bactericidal serums isat f 
present more of theoretical than of practical in- 
terest, because of their limited therapeutic use, 
Their values can not be determined with the ac- 
euracy with which one measures a unit of anti- 
toxin. One may deliver from a pipette a definite 
quuntity of toxin and if the toxin has been wel! 
preserved the same quantity may be obtained at 























an organism which has grown for a certain number 
of hours, but in all likelihood a oe cultures 
would contain the same numl organisms. 
Pfeiffer uses the normal loop which has been men. 
tioned, i. e., one whieh will take up from a surface 
of agar two milligrams of the bacterial mass. ‘The 
culture must have grown for a definite period, 
eighteen to twenty-four hours, ‘Testa having some 
value may be made in the test-tube with the fresh 
or complemented scram. ‘This, however, gives one 
only the bactericidal power as it is manifested out- 
side the body, and it may not be a correct index of 
the protective power of the serum when it is in- 
jected into the living animal. For the tost-tube 
experiment various dilutions of the serum are 
made, as 1 to 10, 1 to 100 and 1 to 1,000, and a 
similar quantity of each dilution, properly comple- 
mented, ix mixed with n given mass of the ealture; 
the mixtures are then placed in the thermostat for 
a number of hours. At the end of this time plate 
cultures are made from each of the mixtures, the 
plates put aside for twenty-four hours, and the 
colonies which have developed are then counted. 
‘The quantity of serum required to kill all the bac~ 
teria may be taken as the basis for computing its 
bactericidal yalue, 
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When the protective power of the serum is de- 
termined by animal experiment it is not essential 
to use the serum when fresh; in fact, the native 
complement in the immune serum may be disre- 
Sey or, preferably, it may be destroyed by heat. 

the latter procedure ie adopted, or if an old 
ae is used in which the complement has de- 
generated, its reactivation is accomplished through 
the complement which is present in the body of the 
ft animal. There are reasons for believ- 
ing that a given antiserum requires a particular 
complement for its reactivation, and that this 
complement may be prezent in some animale and 
absent in others; this will be referred to aguin. 

‘To find the value of anticholera serum Pfeiffer 
Prepares dilutions eimilar to those mentioned 
above, and to the same quantity of each dilution 
dds ten fatal doses of a virulent culture of the 
vibrio of cholera. ‘These are injected into the 
Peritoneal cavities of guinea-pige and after periode 
of from forty to sixty minutes hanging-drop prep- 
rations are made from the peritoneal fluid of each 
animal to determine the formation of the charae- 
teristic granules ; the highest dilution which causes 
this chunge in the cells stamps the value of the 
serum. The animal must at the same time be pro- 
tected against the ten fatal doses of the culture. 

The value of an antityphoid serum may be de- 
termined in the same way, the result being judged 
by the protection which is afforded the animal 
rather than by the formation of granules. 

Antityphoid, antiplague, and some other serams 
‘are also tested by injecting the seram twenty-four 
hours in advance of the culture, 
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Tt is necessary to know the virulence of a cnl-— 
ture with which an antiseram is tested. It is pos- 
sible to maintain some organisms at a rather con- 
stant virulence by passage, i, e., infecting animals 
with the microbe and. recultivating it from the 
tissues, With others, abundant controls must be 
made at the time the serum is tested in order to 
know at that moment the precise virulence of the 
culture. In all probability it requires more serum 
to protect against very virulent cultures than 
against those of less virulence. 


B. HEMOLYSINS. 
‘The simplicity of hemolytic experiments and the 


. rapidity with which they may be performed and 


terminated have rendered hemolytic serums par- 
ticularly useful in the study of amboceptors and of 
complements, for we are to understand that such 
serums are toxic to erythrocytes only because of 
the amboceptors and complements which they con- 
tain. The most important facts which have been 
learned concerning the action of hemolytic serams 
have been found to hold true for bactericidal 
serums as well; hence it is an indifferent matter 
if principles which are common to both are illus- 
trated by frequent references to serum-hemolysina, 

The corpuscles for hemolytic experiments are 
obtained by the defibrination of freshly-drawn 
blood and the removal of the fibrin. Usually they 
are made into a 6 per cent. suspension by dilution 
with isotonic (physiologic) salt solution. Tnas- 
much as the serum which is prosent may interfere 
with the action of the complement or amboceptors 
of the hemolyzin, it is customary to remove it by n 
washing process. The 6 per cent. emulsion, or the 
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undiluted blood is centrifugated, the overlying 
fluid drawn off by means of a pipette and substi- 
tuted by fresh salt solution; the corpuscles are 
thoroughly mixed with the new solution and the 
process of centrifugation repeated, the corpuscles 
finally being diluted to the original volume with 


salt solution. After from two to four washings . 


any residual serum usually may be disregarded. 
‘To test the hemolytic power of a serum one meas- 
ures identical quantities of the 5 per cent. washed 
blood into each of a series of test-tubes by means 
of a graduated pipette and then adds increasing 
quantities of the serum to succeeding tubes. All 
tubes are then diluted to equal volumes by means 
of salt solution, as it is of some importance to 

* maintain a uniform concentration of the cor- 
puscles. ‘The contents of the tubes are mixed 
evenly by shaking and the series is placed in the 
thermostat for about two hours; thie temperature 
is necessary for complete and rapid action of the 
toxic substances. At the end of this time the tubes 
are placed in the ice chest and left over night in 
order that the cells may settle to the bottom, or 
sedimentation may be accomplished at onee by 
centrifugation. 

Tn either case, the overlying fluid is colored red 
by the dissolved hemoglobin in proportion to the 
extent of destruction of the erythrocytes. In case 
solution has been complete, the sediment is indis- 
tinct and colorless, being made up only of the 
stromata of cells, whereas in the tubes showing 
only partial hemolysis the sediment is red and has 
‘an indirect quantitative ratio to the coloration of 
fhe overlying fluid. By suitable variations in the 
amounts of serum used in different tubes, ite 
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bactericidal serams and antibacterial pies 
and their interpretations, morcover, served to ex~ 
tend the side-chain theory of immunity to its pres- 
ent comprehensive limits. 

For the sake of convenience one may sptak of a 
heated immune serum, or one in which the com- 
plement has become inactive from age, as a solu- 
tion of amboceptors, disregarding temporarily the 
agglutinins, preelpitins and perhaps other bodies 
which the seram contains. Also, since fresh nor~ 
mal serums are rich in complements and usually 
contain but a small amount of any one amboceptor, 
they may conveniently be considered as solutions 
of complements; yet normal serums may not be 
considered nx pure complement and used as such 
in unlimited quantitics for actual experimenta, be- 
eange of the bacteriolysins and hemolysins which 
many contain. Only a quantity of the normal 
serum which in itself ie not toxie for the cell 
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tity be used for complementing purposes, and this 
Res any OL on: for a par- 


As Srila Me in the preceding chapter, the 





combined action of amboceptor and complement is hoses 


necessary for the cytotoxic action of a serum. In 
view of the fact that the toxic power is lost by ex- 
posure to that tempetature which destroys comple- 
ment, it seems that the latter is the actual dis- 
solving or toxic substance, whereas the ambocep- 
‘tor must play some intermediary rdle. Investiga- 
tions have shown that the two act together in a 
very definite manner in that the absorption of the 
amboceptors by the cells is a prerequisite for the 
absorption and action of the complement. This 
may be verified by simple experiments: Mix 
jes with the homologous amboceptors, 
and after a period of from twenty to thirty min- 
‘utes centrifugate the mixture and remove all the 
free serum from the cells by repeated washings 
With isotonic salt solution, If the cells are again 
suspended in salt solution and a small amount of 
lement is added and thoroughly mixed, the 
hemoglobin is dissolved out; a control must, of 
course, show that the complement alone has not 
the dissolving power. The result indicates that 
the erythrocytes during their contact with the im- 
mune serum had absorbed or combined chemically 
with the amboceptors, and that the latter remained 
attached to the colls in spite of the washings to 
which they were submitted. 

Tt would seem that the union of amboceptor 
with cell has the effoct of rendering the latter sus- 
ceptible to the action of complement, and for this 
reason amboceptor-laden cells are spoken of as 
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erythrocytes, sensiti i 
ment is called the sensitizing, absorption or bind- 
pater alt i cahoaeie psheioi 
pei its amboceptors in ex 
periment if a sufficient quantity of cella has been 
used, and it would thereby be rendered incapable 
of further reactivation by the subsequent addition 
of complement. 

If, instead of performing the experiment in the 


waa manner described, the process is reversed so that 


the corpuscles are first treated with the solution 
of complement and then with the amboceptors, the 
corpuscles are not hemolyzed. During the wash- 
ing process the complement is entirely separated 
from the cells, and from this fact it is clear that 
direct union between corpuscle and complement 
does not occur; only sensitized cells take up com- 
plement. 

The question as to whether the corpuscles in 


o- taking up amboceptors do so by chemical combina- 
ceptor. tion or by physical absorption has heen contended 


with some vigor. Ehrlich believes that the process 
is one of chemical union, and if one adheres to this 
view it becomes necessary to assign binding or 
haptophorous groups both to the red blood cells 
and to the amboceptors. In contrast to another 
haptophore which the amboceptor possesses and 
which will be deseribed below, that one which 
unites with the cell is called the cytophilous hapto- 
phore. The haptophore of the erythrocyte which 
enters into the union is an eseential part of a ro- 
ceptor of the red cell, consequently we say that the 
amboceptor unites with a receptor of the corpuacle. 
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‘The heating of serum to 56° C. provides one 
means of apparent isolation of the amboceptor 
from the complement, but this is not a true isola- 
tion in that complement is merely rendered inac- 
tive by the heat rather than totally eliminated, 

Ehriich and Morgenroth devised a method by 
which the amboceptors may be separated from a 
fresh immune serum without in any way injuring 
the complement. This is accomplished by per- 
forming the binding experiment, already alluded 
to, at a low temperature. The serum, containing 
both amboceptora and complement, is cooled to 0° 
©. or slightly above, by means of a freezing mix- 
ture of salt and ice. A suspension of the homolo- 
gous ia cooled to the same point, the 
serum is added und the mixture maintained at 0° 
to 4° ©. for from fiftcen to twenty minutes. At the 
end of this time the sensitized cells are removed 
by immediate centrifugation at a low temperature, 
and are washed entirely free from serum by the 
use of ice-cold salt solution. If the low tempera- 
ture has been adhered to rigorously and the work 
done quickly, the corpuscles are not laked during 
the manipilations in spite of the presence of both 
amboceptors and complement. Furthermore, the 
washed sensitized celle remain intact even when 
their temperature reaches that of the thermostat, 
whereas if some fresh normal serum or the eerum 
from which the amboceptors were absorbed is 
added, they undergo hemolysis as readily as when 
treated with the active immune serum, The 
‘original immune serum is now a solution of com- 
plement, and fresh corpuscles which are aided to 
it aro not dissolved because of the absence of ambo- 
ceptors, 
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These results show the following important 
facts: Ambocoptor and complement exist side by 
side in an immune serum, not as a united sub- 
stance. Union of amboceptor with cell is inde- 
pendent of complement, the latter being taken up 
only after the amboceptor-cell reaction has oc- 
curred. Amboceptors unite with cells at a low 

rature, whereas complement requires a 
higher temperature for its rete and for the fer- 
ment-like activity by which it dissolves or kills the 
cells. 

That constituent of the amboceptor which 


ore Unites with the cell has been referred to as the 





Action of 
Amboceptors. 


cytophilous haptophore. Ehrlich and his follow- 


"ers believe that complement in establishing con- 


nection with the cells does so by combining with a 
second haptophore of the amboceptor, after the 
latter has sensitized the erythrocyte or bacterium. 
Hence, an amboceptor has, as the name implies, 
two receiving groups or haptophores, the second 
being the complementophilous haptophore (Fig. 
7). It is hardly desirable to disouss various ex- 
periments which furnish additional evidence of the 
amboceptor nature of the thermostabile body. The 
observed phenomena allow one to assign to it the 
two haptophores mentioned. 

There is a conflict of ideas as to the nature of 
the change produced by the amboceptors, as a re- 
sult of which the cells are made susceptible to the 
action of complement. Bordet speaks of the am- 
boceptor as the substance sensibilisatrice, the sen- 
sitizing substance; and his conception of the ac- 
tion of the two substances he has compared rough- 
ly to the opening of a lock for which two keys are 
domanded. One key, amboceptor, is needed to 
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prepare the lock for the action of the second key, 
complement, the latter being the one which really 
opens it. 

Metchnikof appliee the name fixator to the 
thermostabile body, having in mind the action of 
4 mordant in preparing tissues or other substances 
for the reception of a dye; this differs little from 

tor, the word used by Gruber. 

The idea of Ehrlich, however, is distinctly at 
variance with the conceptions mentioned, for he 
secs in the union of amboceptor with cell nothing 
more than the introduction of a new chemical 
affinity, i. ¢., one which attracts complement, and 
this new affinity does not lie in the cell itself, but 
rather in the amboceptor (complementophilous 
haptophore) after the union has occurred. Hence, 
the terms intermediary body (Zwischenkirper), 
copula of Miiller, and desmon of London, are 
words which carry with them the meaning that the 
amboceptor first unites with the cell and then acts 
as a linking substance through which complement 
finally is put in relation to the cell. This also ix 
the meaning embodied in the amboceptor of 
Ehriich, the word indicating more accurately his 

fon of tho method by which the substance 
acts as an intermediary body. 

‘Tf we consider it established that in the process 
of cytolysis union occurs between complement and 
amboceptor we must at the same time assign a 
haptophorous group to complement. Union would 
be impossible without it. Corroborative proof of 
the existence of this haptophore lies in the fact 
that immunization with comploment results in the 
formation of anticomplement, a prerequisite for 
which is union of complement with cell receptors 


Structure of 
Complement. 





Somewhat loosely we have said that the r 
ity of a serum which has been heated to 
depends on destruction of the complement. This 


is not strictly true, however, for such treatment 
destroys only the zymotoxic group, the haptophor- 
ous constituent remaining 
ment altered in Presale it complomen- 
toid, and it is analogous to toxoid, agglutinoid and 
hag are ‘Two ceeential ipch ee 
is the principle change 
First, the fact stated above, that pee 
with complementoid, causes the formation of 
anticomplement. Second, complementoid may 
exeted true complement in its affinity for the 
amboceptor, and if sensitized cells are treated with 
& serum containing a mixtare of complement and 
complementoid, the latter may occupy completely 
the complementophilous haptophores of the ambo- 
ceptors and thus may block the way for action on 
the part of complement. This is again the spe- 
cifie inhibition which has been mentioned in con- 
nection with toxoids, agglutinoids and precipi- 
toide, This is the Complementoid-Verstopfung 
(complementoid obstruction) of Ehrlich. 





cific prodact of the immunization, whereas “he 
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amount and character of complement in the im- 
munized animal undergoes little or no change. 
We are, of course, obliged to consider the ambo- 
ceptors as a product of the cells of the body. In 
the terminology of Bhrlich, they are disearded cell 
receptors, and with their two haptophores repre- 
sent a more complex structure than either the re- 





‘Vig. 7.—Graphie repreventation of receptors of the third 
Order, and of some substance walling with one of them, 
©, Cell receptor the third order, an amboceptor ; ¢, one of the 
aptophores of the amboceptor, with which some food wub- 
stance or product of bacterin! disintegration, f, may unite: 
Si the other haptophore of the amboceptor with which com: 

‘may unite; K, complement; h, the haptophore, and 
the xymotorle group of complement, From Khrilch’s 
Munges," Nothnagel'’s System of Medicine 


eeptors of antitoxin or agglutinin; the latter are 
uniceptora; the former amboceptors, and because 
of their higher differentiation Ehrlich has called 
them receptors of the third order (Fig. 7). 
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When micro-organisms gain entrance to the 
body they are Killed and dissolved in considerable 
masecs. As a result of the solution, certain bac- 
terial constituents reach the circulation, and 
among ther are molecules or receptors which pos- 
sess haptophores capable of uniting with a par- 
ticular type of amboceptor, the latter being an in- 
tegral part of some tissue cells. This union hay- 
ing taken place, an affinity for circulating com- 
plement may be created az in the test-tube 
ments, We have thus the possibility of stimula- 
tion of the cell by the bacterial constituent itself 
as a toxic or unusual food substance, or the toxic 
action may be caused by products of disintegra- 
tion of the bacterial substance, the disintegration 
having been accomplished by tho digestive action 
of the complement which was taken up by the am- 
boceptor, ‘The effect is that of an unusual atimu- 
lation, in response to which the cell, if not fatally 
injured, reproduces many amboceptors correspond- 
ing to the type which was occupied or injured. 
As in the formation of other antibodies, the new- 
formed amboceptors reach the general fluids of the 
body. 

Concerning the epecificity of serum-hemolysins 


= ne and serum-bacteriolysins for thelr homologous 





. cells, we, of course, refer to the specificity of the 
whole amboceptor-complement complex. I¢ is nec- 
essary to throw the responsibility on both sub- 
stances, because of the variations which exist 
among complements as well as among ambocep- 
tors. Inasmuch, however, as the heat-resistant 
body alone is incressed during immunization or 
infection, the greater part of the specificity would 
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seem to depend on the nature of the amboceptor 
tather than on that of complement. 

All bacteria which stimulate to the formation 
of bactericidal serums do so because of certain re~ 
ceptors which they possess, These are, of course, 
analogous to the receptors of erythrocytes which 
cause the production of the hemolytic bodies in 
serum. Bacteria have, in addition, many other re- 
ceptors, some of which cause the development of 
agglutinins. In the latter instance we speak of the 
agglutinogenic receptors of the cells, but there is 
no name of equal convenience which is used to 
designate the receptors which stimulate to the 
formation of amboceptors. No two micro-organ- 
ixms contain an identical receptor apparatus; if 
the contrary were the case their antiserums would 
coincide in their bactericidal action. Therefore, the 
cell receptors (amboceptors) with which they unite 
during immunization differ correspondingly in 
their cytophilous haptophores. The eytophilous 
haptophore of the typhoid amboceptor finds its 
specific counterpart in the typhoid bacillus, and 
finding no such counterpart in the vibrio of chol- 
era, the latter can not be sensitized by the anti- 
typhoid serum; on this fact depends the specificity 
of the serum. This conception does not interfere 
with the explanation of the group reaction among 
bactericidal serums, for it ie conceivable that the 
colon bacillus, for example, has, in addition to 
thoge receptors which characterize the organism, a 
small percentage of receptors which are identical 
with those characterizing the typhoid bacillus. In 
accordance with this possibility an antityphoid 
serum may well, an it does, show somo increased 
bactericidal power for closely related organisms. 
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Hence the explanation of group bucteriolysis iz 
identical with that of group agglutination. 
‘There és a wide difference of opinion regarding 











ments. the unity of complement, or alexin, its synonym. 


Bordet and his followers stand for the unity of the 
aloxins, and their position reste on the fact that a 
given normal serum may be used to activate many 
different amboceptors. We should appreciate that 
this phenomenon might depend on the broad range 
of action of a single complement, or on the pres- 
ence of different complements each being specific 
for a particular amboceptor. Bhrlich and his 
echool take the latter view and have actually dem- 
onstrated a multiplicity of complements in a few 
instances, Ehrlich and Sachs treated fresh nor- 
mal serums (complement) in various ways, such 
as digestion with papain, partial destruction with 
alkalies, heat, ete., and were able by these methods 
to destroy the complement for one kind 6f ambo- 
ceptor, while the serum still retnined its power for 
activating other amboceptors. Accordingly, it 
seems clear that the ability of a normal serum to 
activate a given amboceptor depends not only on 
the presence of complement in a general sense, but 
on the presence of a suitable complement, i. @, oD€ 
the haptophare of which corresponds to the com- 
plementophilous haptophore of the amboceptor. 
‘This point is of great importance in reference to 
the treatment of infectious diseases with antibac- 
terial serums, for the efficacy of the eerum would 
seem to depend on the introduction of suitable 
complement in conjunction with the am! 

or on the existence of such complement in the body 









of the patient. 
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Added proof of the multiplicity of complements Anticom= 


has been obtained by experiments with anticom- 
plements. As stated, the latter arc obtained by 
immunization of suitable animals with normal or 
ftamune serams which contain complement or com- 
plomentoid. When they are mixed with the homolo- 
gous complements the haptophores of the latter 
are bound by means of the haptophores of the anti- 
‘complements. The evidence of this union lies in 
‘the faet that a complement which has been treated 
‘with its specific aticisaslocnect is no longer able 
to activate the approprinte ambeceptor (p. 250). 
With properly selected serums, it may be shown 
that a given anticomplement will neutralize a com- 
Plement which is specific for one amboceptor, but 
‘will have no effect on another complement which 
activates a different amboceptor. Hence, eomple- 
iments differ at least in this respect that not all have 
identical haptophores, Immunization with leuco- 
eytas, calls which contain complement, also causes 
the formation of anticomplement. Both natural 
and acquired antibacterial immunity may be low 
ered by the injection of anticomplement which is 
homelogous to the complement of the animal. 
Some time ago, Ehrlich expressed the opinion 
that an amboceptor in certain cases may have mare 
than one complementophilous haptophore; in 
other words, that it may be a polyceptor rather 
than an amboceptor. ‘This has again been empha- 
sized recently by way of explaining the ability of 
‘an amboceptor to absorb from a normal serum not 
only the complement which serves to activate the 
amboceptor, but aleo others which happen to be 
present in the seram. The former is spoken of as 
the dominant complement and the latter as non- 
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dominant complements. Figure 8 is an illustra- 
tion of such a polyceptor. 
If one immunizes with an immune serum the 


eevter. orodnct is spoken of in a general way as an anti- 





Pig. S—Itheatrating the amboceptor WHR more than one 
complementophivons Baptophere (8 polycepter). «, Cell re 
ceptor: &, cytophtines haptopRere ef the ambocepter: ¢. the 
Gomteant compleawat: a the powdominant complements; 

~ the heptophbece ef the ambocepter far the eminent com- 
ptement: A, these foc tbe Den-temiaant complemesta (From 
‘Ehrlich wed Maredal) 








immune eeram. ‘The latter contains, as stated, 
anticomplement, and through the agency of this 
substance the antiserum antagonizes the action of 
the serum which was used for the immunization. 
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Thasmuch, however, a3 the immune serum contains 
amboceptors also, the antagonistic action of the 
antiserum may depend, in part, on the presence of 
antiamboceptors. Differentiation between the ac- 
tion of anticomplement and antiamboceptor is dif- 
fieult, but it may be accomplished in certain cases 
by appropriate binding experiments, Serum 1, an 
inactive hemolytic serum, i, e., 9 solution of ambo- 
ceptors and complementoid, is treated with serum 
2. Serum 3 has been obtained by immunization of 
an animal with serum 1, and contains anticomple- 
ment and possibly antinmboceptors. If serum 2 
contains only anticomplement, it will have no ef- 
fect on the amboceptors of serum 1, when the two 
are mixed. ‘The amboceptors are free to sensitize 
corpuscles which may be added, and the latter when 
sensitized undergo hemolysis in the presence of 
complement. Lf, however, serum 2 contains anti- 
amboceptors, either the cytophilous or the comple- 
mentophilous haptophore of the amboceptor will 
be bound. In cither case, corpuscles which are 
added subsequently would not appear as sensitized, 
for if the cytophilous haptophore had been bound 
by antiamboceptor union between cell receptor and 
amboceptor could not occur; and if the comple- 
mentophilous haptophore had been preoccupied 
complement would have no effect even if the ambo- 
ceptors had united with the cells by their unbound 
“Liter haptophores. Ehrlich and Morgenroth 
demonstrated such antiamboceptors for certain 
hemolytic serums, and it was their belief that they 
combine with the cytophilous rather than with the 
complementophilous haptophore of the ambo- 
ceptor. However, Ehrlich has recently been able 
to prove the occurrence of an antibody for the com- 
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Jementophilous haptophore in one case. Pfeiffer 
Ties reports the dacoe salsce ee @oTiStNGs 


* for the specific amboceptors of anticholera seram. 


‘The possibility of antiamboceptor formation is one 
of practical bearing, in view of the fact that the 
prolonged treatment of a patient with a bacteri- 
cidal serum may result in the development of such 
antibodies, If present in sufficient amount they 
would combine with new amboceptors which were 
injected and thus deviate the latter from the bac- 
teria. 

A phenomenon equally of theoretical and prace 
tical importance has to do with the eo-ealled devia~ 
tion (Adlenkung) of complement, Tt has heen 
found that the action of a bactericidal or hemolytic 


aE 


Fig. Q—Ilustrating Gertation of complement. The free 
ambeceptoms tare comMzed with the available complement, 
and thereby prevented Ube latter from activatiog {he am 
doceptors which have united with the bacterial cell. (From 
Nelesee and Wecbaberg-} 





serum is lessened, if a great excess of a1 

over complement is added. 'To explain this fact 
Neisser and Wechsberg have supposed that when 
© many amboceptors are present that all can not 
te taken up by the cells, those which remain free 
are able to combine with some of the complement 
which is presont and thus prevent the accession of 
the latter to the sensitized cells; that is to say, the 
complement is diverted from ite natural direction 
of activity (Fig. 9). This amounts to 4 protes 
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tion of the sensitized cells from the action of the 
complement, The phenomenon led Wechsberg to 
suggest that in the therapoutic administration of 
bactericidal serums it may be possible to give too 
much of the serum. Although diversion of com- 
plement is a demonstrated fact, its importance in 
‘serum therapy is perhaps not definitely settled. 

It is of interest that umboceptors are widely dis- 
tributed in the animal kingdom, and that in cer- 
tain instances they may be demonstrated in the 
secretions. It has long been known that the 
venoms of many serpents have the power of des- 
troying red blood cells. A given venom may 
contain several toxic substances, and the poisons 
of different serpents by no means coincide in their 
toxic properties, Cobra venom contains two well- 
known toxins, one for the nervous tiesue and one 
hich dissolves erythrocytes, the neurotoxin having 
the greater pathogenic significance. Cobra venom 
also agglutinates red blood corpuscles, and Flexner 
and Noguchi found that it contains spocial toxins 
for the cells of various orgnns (cytotaxins). ‘The 
venom of the rattlesnake, on the other hand, is 
neurotoxic to a loss degree, but has a pronounced 
influence in causing cupillary hemorrhages. The 
latter power Viexner ascribes to a toxin for 
endothelial cellz, which he calle hemorrhagin. 
‘Through the works both of Flexner and Noguchi 
and of Kyes, facts were learned concerning the 
hemolytic toxin of cobra venom, which may be ot 
grent importance in problems of general immun- 
ity. It seems that the hemolysin of venom is an 
amboceptor rather than a toxin of the usua) 
nature, and that the uid of complement is neces 
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sary for its toxic action. The venom itself con- 
tains only the amboceptors, hence the toxicity of 
the substance depends on its being complemented 
after it is introduced into the body. The possea- 
sion of suitable complement, therefore, is a source 
of danger in this instance rather than a means of 
protection for the individual. One may very well 
suspect that m similar relationship is possible in 
connection with other substances which are as yet 
unknown, 

A fact of additional importance is that the am- 
boceptor finds suitable complement not only in the 
serum of the animal but it may also be activated 
by a complement which the erythrocytes them- 
selves contain. Kyes speaks of the latter as endo~ 
complement, f. ¢., endocellular complement. 

In attempting to discover the nature of the com- 
plement which is present in the erythrocytes, vari- 
ous substances existing normally in the red cells, 
as cholesterin and lecithin, were obtained in pure 
form and their activating power for the cobra am- 
boceptors was testod in reagont-glass experiments. 
From this work it was learned that lecithin, a defi- 
nitely known chemical substance, has the activat- ~ 
ing power, and it was, therefore, assumed that the 
omlooomplement of erythrocytes is nothing more 
or lowe than lecithin, All erythrocytes contain 
eclthin, yet mot all are equally sesceptible to the 
action of venom in the absence of seram 
wreak; that a to say, endocellular lecithin does not 
fet as complement with eqeal readiness in all 
cowie, «TA carver (@ expdade thik variation it was 
wecewmary to aaeume that he lecithin im the cells 
of coe animal may be vrore anailsNe as comple 
Wand heaven it le bool te other cat constitzents 
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only in a very loose way, whereas in more resistant 
cells the union is of a firmer nature. 

‘The relationship between cobra amboceptors and 
kecithin seems to he a very definite one, for Kyes 
was able to obtain a union of the two without the 
intervention of erythrocytes. The resulting sub- 
stance, the cobra-lecithid of Kyes, is a eompleted 
toxin and needs no further activation. We have 
yet to learn of the true nature of this new com- 
pound, the discovery of which seemed to augur 3 
more intimate chemical knowledge of the sub- 
stances which are concerned in immunity. 

According to Bung lecithin itself has no activat- 
ing power for snake venoms. He attributes the 
hemolytic action of the product of the action of 
lecithin on venom according to the Kyes technic 
ax due to pre-cxistant impurities in the lecithin 
‘That hemolytic substances exist in unpurified 
lecithin there ia no doubt. The lecithin used by 
Kyes in his experiments, however, was propared 
with great precaution to avoid the preience of 
such substances, 

y. Dungern and Coca attribute the action of 
lecithin or venom to a splitting off of hemolytic 
products from the lecithin and fail to obtain an 
“gntilecithid” by immunization. They aleo point 
to a similarity between Kyos clementary analysis 
of the lecithid and that of lecithin and confirm his 
analysis. Their view is supported by Manwaring. 

Kyes, however, had pointed out tho fact that 
olementary analysis is, as a general rule, insuffi- 
cient to determine differences in substances con- 
cerned in immune reactions and by a determina- 
tion of molecular weights shows that cobra lecithid 
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has a much larger molecale than lecithin itself, 
His immunization of animals to produce an anti- 
Jecithid extended over a much largor period than 
those of v. Dungern and Coea. 

Lecithin is a colloid, and in this connection it is 


at interesting to note that it may be used in combina- 
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tion with still another colloid in such manner that 
the hemolysis which they cause is analogous to 
that produced by hemolytic amboceptors and com- 
ements. Landsteiner tried the effect of col- 
loidal silicie acid on erythrocytes which were en- 
tirely freed from serum, with the result that the 
corpuscles were agglutinated under ita influonce. 
It developed further, however, that colloidal silicie 
acid not only acts as an agglutinin, but also simu- 
lates a hemolytic amboceptor, and in the latter 
capacity it may be activated either by the ordinary 
complement of serum or by lecithin. Hence, we 
have here an instance of the entire cytolytic action 
being performed by two known chemicals, which 
in their action appear to be analogous to ambocep- 
tors and complements. Yet even the action of 
these substances is obscure, for although the chem- 
ical formule of silicic acid and lecithin are suffi- 
ciently well known, the explanation of their active 
ity as colloids is equally obscure with that of the 
albuminous substances, 

Another discovery which tends to bring the 
immune substances into closer touch with pure 
chemistry is that of Hektoen concerning the abil- 
ity of certain salts (caleium chlorid, barium 
chiorid, etc.), to combine with complement in 
such a way that the latter loses its activating and 
combining function in relation to aml 
This was mentioned] incidentally under the eub- 
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ject of antitoxins. The activity of the comple- 
ment is again restored if the inhibiting ealts are 
precipitated by suitable chemicals, The ealts are 
used in such dilutions that they are largely ionized, 
and Manwaring believes their inhibiting action is 
due to the formation of compounds of the posi-« 
tive ions with the complement, resulting in such 
mbstances as Ca-complement, Ba-complement, 
ete. When the precipitating chemicals are added 
the ions are freed from this combination, as a re- 
sult of which the complement recovers its activat- 
ing properties. It has not as yet been determined 
whether variations in the salts in the fluids of the 
body canse changes in resistance by their action on 
native complements, 

The work of Ferrata, Hane Sachs and Teruuchi, 
Brand and Hecker has shown that complement 
may be divided into two parts by the separation of 
the albumin and globulin contents of the serum 
containing it. 

Neither of these two parts alone has the power 
to bring about hemolysis in corpuscles previously 
sensitized by the addition of amboceptor. When 
combined, however, hemolysis takes place as before 
separation, 

Absorption of the globulin fraction takes place 
when it is added to sensitized corpnscles, result- 
ing in “Persensitized corpuscles” (Michaelis and 
Skwireky), which then undergo hemolysis on ad- 
dition of the albumin fraction. The albumin 
fraction, on the contrary, is incapable of being 
bound by the sensitized corpuscles in the absence 
of the globulin fraction. Brand therefore terme 
the globulin fraction as complement “niddlepiece” 
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and designates the albumin fraction a3 comple- 
ment “end-picce.” 

The end-piece, middle-piece and amboceptor 
bear the same relation to each other as whole 
complement amboceptor and antigen, 

‘The middle-piece is thermostubile when attached 
to the amboceptor antigen complex, but thermo- 
labile when heated alone or in combination with 
the end-piece. ‘The ond-piece ix thermolabile. In 
specific complement deviation, it is the middle- 
piece which becomes bound, the end-piece remain- 
ing free. 

Attempts to ascertain the nature of these two 
parts by substitution of Iscithin and other lipoids 
have so far been without result in explaining the 
nature of the two components (Licfman and 
Cohn). 


Ee 


CHAPTER XVII. 





COMPLEMENT DEVIATION. 


Tn 1901, Bordet and Gengou observed that when 
an antigen was mixed with its specific antibody in 
the presence of complement, the complement. was 
fixed or bound and thus rendered unavailable for 
further reactions. Thie phenomenon has since be- 
came widely known as complement deviation, com- 
plement binding, or complement fixation; and the 
principle underlying it has become of extreme 
value in the determination of the presence of 
substances whose interaction is followed by no 
readily perceptible result such as lysis or precipi- 
tation. 

It will be seen that snch a reaction is analogous 
to certain chemical reactions euch as the combina- 
tion of ordinary acids and alkalies in which the 
presence of the reaction is determined by the use 
of indicators such as litmus or phenolphthalein, 
Bordet and Gengou used as an indicator a hem- 
olytic system of erythrocytes with their specific 
amboceptor, In this way, for inetance, by mixing 
typhoid bacilli with antityphoid seram, incubating 
for a time and then adding erythrocytes sensitized 
with their inactivated antiserum, it was observed 
that hemolysis did not take place. The comple- 
ment in the antityphoid serum had been fixed to 
the typhoid bacilli by the typhoid antibody and 
was thus rendered unavailable for the hemolysis 
‘of the sensitized erythrocytes, subsequently added. 
Bordet alzo showed that other indicators such as 
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3 bacteriolytic system could be sed instead of 
hemolysis, in order to test for the binding of 
complement. 

Complement deviation obviously belongs to a 
large group of complement inhibition phenomena 
and since some of these have a very close bearing 
on the complement deviation by means of antigen- 
antibody complex it is well to review them. 

Ebrlich and Morgenroth made use of the com- 
plement inhibition of lowered temperature to 
separate complement from amboceptor, 

Hektoen and Ruediger found that various ions 
might render complement inactive, Certain eub- 
stances which in themselves are hemolytic have 
been shown to antagonize complement action. 
Among these are to be mentioned bile zalts, salts 
of fatty acids, lecithin cholesterin and other lipoid 
bodies. 

Suspensions of Gnely divided substances have 
been demonstrated to inhibit complement action 
and the assumption that their ability to antagonize 
complement is due to their adsorptive property is 
highly probable. Kaolin, chalk, carbon, eand, etc., 
have been used in this way, 

A wide variety of colloidal substances have been 
shown to inhibit complement; examples of these 
are gelatin, peptone, aleuronat, albumoses, etc. 
Lastly, extracts of bacteria, normal and pathologic 
tissue extracts and the body juices work as com- 
plement inhibitors, 

Ehrlich and Bordet by immunizing animals 
with normal serum sacceeded in prodneing serums 
highly antagonistic to complement action, Accord- 
ing to the Ehrlich conception, these bodies are to 
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be regarded as distinct antibodies, receptors of 
the first order. Moreachi, however, has thrown 
doubt on the existence of such distinct antibodies 
for the reason that in using normal serum as com- 

a mixture of protein substances is used 
giving rise, in immunization, to antialbuminous 
bodies which react with the antigen to form com- 
binations which inhibit or bind complement, Such 
combinations in the form of precipitates may be 
demonstrated to act as anticomplements. The 
existence of true anticomplements, therefore, 
while not disproved, hae not been satisfactorily 
demonstrated. 

The presence of complementoid in inactivated 
scrum may algo act as a cause of complement in- 
hibition by occupying the receptors of the antl- 
body. When these various factors which com- 
plicate the complement fixation reaction are con- 
sidered, it will be seen that great care must be 
taken in both the technic and the interpretation of 
results. 

‘The substance concerned in antigen, antibody 


complement fixation is obtained by processes of B 


immonization similar to those concerned in other 
antibodies, In the one case the reaction is fol- 
lowed by perceptible results, in the other by 
fixation of complement. The question arises: are 
the antibodies in these two kinds of reaction iden- 
tical or not? 

That the complement fixation antibody is dis- 
tinct from precipitins and agglutinins is indi- 
ented in different ways. Muir and Martin, by 
immunizing rabbits with guinea-pig serum, ob- 
tained an antibody capable of complement fixation 
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but which contained no precipitin. Moresehi pro- 
duced in fowls antizerum which was high in 
precipitin concentration but did not produce com- 
plement fixation. In like manner the presence of 
antibody complement deviation in the absence of 
agglutinating properties has been noted. In gen- 
eral, complement deviation antibody is destroyed 
at higher temperatures than agglutinins. 

It is in lytic amboceptors that complement fixa- 
tion antibody has its closest analogy and opinions 
are divided as to the identity of the two. Nenfeld 
and Haendel regard amboceptor and complement 
fixation antibody as distinct from each other and 
apply the name “Bordet’s antibody” to the Jatter. 
‘They reach this conclusion from the fact that if 
cholera bacilli and their antiserum are mixed with 
complement and allowed to act at 0° ©., hemolytic 
complement is absorbed but not that necessary for 
bacteriolysis. The same mixture allowed to act at 
37° ©, results in an inhibition of action of both 
vomplements. The objection to such a proof lies 
in the fact that the difference may be due to a 
difference in the complements according to Ehrlich 
and his school, who believe in the multiplicity of 
complements, Neufeld and Hnendel have also 
immunized snimals with a certain water vibrio 
and obtained a seram which was hacteriolytic 
againet this vibrio, but not against cholera vibrios, 
Complement deviation, on the other hand, was 
effected by using either of the two micro-organisms 
ag antigen, 

If Ehrlich’s definition of amboceptor as a sub- 
stance which unites antigen with complement is 
accepted, it is apparent that the term will apply 
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to “Bordet’s antibody,” whether it is identical 
with other amboceptors or not. 





It will be readily seen that the reaction of com- Practica! 


plement fixation like other immune reactions be- 
tween antigen and antibody may be used for the 
identification of either of the two bodies concerned. 

‘The complement fixation test haz been used 
especially by Neisser and Sachs similarly to the 
precipitin test for the differentiation of proteins. 

Animals are immunized to a certain protein 
and an antiserum is thus obtained. A titration is 
then made with known homologous antigen and 
antibody, in varying quantities, to determine the 
amount of antiserum necessary to produce com- 
plement devistion. The quantity of antiseram 
found by titration to be necessary for complement 
fixation in the presence of homologous antigen, is 
then added to the serum or protein to be tested, 
If this protein and the antiserum are homologous, 
& complement fixation will result. The method 
has been criticized because of its extreme delicacy. 
It fs estimated that amounts of protein eubstances 
will give a complement fixation test which are 
pretent in one-millionth the quantity required for 
a precipitin test. Uhlenhuth advises the control 
of the method by the precipitin test. Although 
other antigens such as bacteria may be idontifiod 
by complement fixation, the existence of easier 
methods makes complement fixation of little value, 

‘The existence of casier methods of diagnosis 
results in infrequent use being made of the com- 
plement deviation reaction as a means of diagnosis 
in infections with organisms capable of cultiva- 
tion. The presence of the reaction has been 
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demonstrated, however, in a Jarge number of in- 


ete. 

Kolle and Wassermann have demonstrated com- 
plement fixation in meningitis and suggest the use 
of the reaetion to determine the strength of men- 
ingococons antiserum. 

Regarding the presence of antitabercolin in the 
blood of tuberculous animals and man, conflicting 
results are reported. It would appear that com- 
plement fixation reaction is inconstant during the 
course of tuberculceis and that the reaction occurs 
more constantly after the use of therapentic in- 
cculations of tuberculin and especially of emul- 
sions of tuberele bacilli. 

It occurred to Wassermann that by using ex- 
acts of tissues containing antigen, complement 
deviation antibodies might be found in infections 
in which the antigen could not be cultivated. By 
the use of syphilitic tissues he immunized apes 
ayuinst syphilis and by using such syphilitic tissues 
as antigen found complement deviation antibodies 
in the serum of the immunized apes. 

Wussormann, Neisser and Bruck, in 1906, pub- 
lished the results of these experiments together 
with a method adapting them to the serodiagnosis 
of syphilis which has become commonly known a3 
the Wassermann réaction. Since the spirochetes 
of syphilis were known to be found in extreme 
numbers in the liver of the syphilitie fetms, an 
aqueous extract of this organ was used as antigen, 
To this extract was added the inactivated serum 
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of the suspected case and after the addition of 
complement, the mixture was ineubated an hour. 
Sheep’s corpuscles with specific amboceptor were 
then added and the mixture again incubated, In 
cazo tho syphilitic antibody was present, comple- 
ment becaine bound and no hemolysis took place 
upon second incubation. Through a large number 
of tests the Waszermann reaction has been proved 
fo be characteristic for syphilis. 








The idea of Wassermann that the complement Tasers of. 


binding wae due to extract of spirochetes as anti- 
gen and spocific amboceptor, soon found opposi- 
tion. Landsteiner, Miiller and Poetzl, Levaditi 
and others showed by the use of alcoholic extracts 
of normal organs that a substance could be ob- 
tained which acted as antigen and could be 
substituted for the extract of syphilitic liver with- 
out changing the resulta of the reaction. Finally 
it has been shown that mixtures of lipoid sub- 
stances or crude tissue lecithin could be used as 
antigen, Wassermann pointed out that whereas 
his aqueous extract of syphilitic tissues was ther- 
molabile at boiling, the alcoholic extract of normal 
organs was thermostabile: farther that the aqueous 
extracts of normal organs do not act as substitutes 
for aqueous extracts of syphilitic organs. He 
therefore regarded his original ideas as to the 
specificity of antigen as correct ond held that 
aqueous extract of syphilitic liver was the only 
extract which could be used without chanee for 
error. 

Seligmann and Pinkus have made a study of 
the various extracts and conclude that the differ- 
ence in heating aqueous and alcoholic extracts is 
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due to the fact that in the aqueous extracts, o 
large amount of protein is present with the lipoids 
on which the antigenic action depends, and that 
these lipoids become bound to the protein through 
heating; further, they believe that these lipoid 
substances may be extracted with water in syph- 
ilitic liver because through degenerative processes 
they become split off, while in normal organs they 
must be split off by aleohol and heat. 

‘They conclude that the antigen is therefore of 
non-specific lipoid nature and that it acts as 
activating the complement binding property of 
syphilitic eerum. 

‘The nature of the substance fn the serum of 
syphilitics which in combination with antigen 
inhibits complement action, ig etill unknown. 
Noguchi has shown that it begins to chow the 
effects of heat at 45° C, At 86° C, it is comowhat 
diminished in activity and at 62° C., ite activity 
ia boat, Tt has been thought of as an antibody 
because of its development with the development 
of the disease and its disappearance with the eure 
LY epeeitic treatment. 

As wos stated in the beginning of the chapter, 
the various materials weed in complement devia- 
Vi Way of therpetces have anticomplementary 
pipertion Ly achlition, it might be stated that 
OXUNCM of OnaMA Way abo bere a hemulptic 
witiwn, ‘The dapoertame of qoantitative relations 
awl contrat exportments will theron be appar- 
Wt, The Nogved wevhiteation of Wassemmams’s 
wotbasd has given vatienchacy realise de a lange 
Wawer v8 vom The prepamtion af uaterials 
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required for the teat will be described and then 
their application to the test. 

Sheep's corpuscles may be obtained from the 
jugular vein of the animal. The blood is defibri- 
nated and washed by centrifugation with salt 
solution, the salt solution being changed twice. 
A 5 per cent. suspension of these corpuscles in 
0.85 per cent. salt solution is used for the test. 

Inactivated hemolytic serum for sheep’s cor 
puscles is prepared by immunizing a rabbit against 
sheep’s corpuscles. ‘The animals should be injected 
intraperitoneally with washed corpuscles made up 
to the volume of blood from which they were 

. taken, by the addition of salt solution, At least 
four or five injectiong echould be given at intervala 
of from four days to a week, and with amounts 
beginning with 2 c.c. and ending with from 12 to 
20 cc. he animal should not be bled before ten 
days after the last injection. Blood is obtained 
from the margina] vein of the ear and allowed to 
clot. The serum is then removed, heated to 56° 
©. for one-half hour and standardized as follows: 
Varying graded amounts of the inactivated serum 
plus 0.1 cc. of complement (fresh guinea-pig 
eerum, beat obtained by aspiration from the heart), 
are added to cach of a number of tubes containing 
1 ce. of & per cent. sheep’s corpuscle suspension. 
‘The tubes are incubated for one hour and that tube 
foted in which the smallest amount of ambooeptor 
(inactivated rabbit's serum), produced complete 
hemolpsie. This is called the hemolytic unit of 
umboceptor. 

‘The antigen is prepared by the extraction of 
minced syphilitic or normal liver, with 10 volumes 
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‘of 95 per cent, alcohol for a week at 37° CG. This 
extract is filtered and evaporated by means of a 
fan at a temperature below 40° C_ The residue 
is extracted with ether and the ether evaporated. 
‘This residue i again taken up in ether and frae- 
tionated twice with acetone to remove the acetone~ 
soluble hemolytic substances. ‘The acetone-insol- 
uble residue is evaporated to dryness and extracted 
with 95 per cent. alcohol. This solution is used 
as a stock antigen and suspensions in salt solution 
are used a8 material for tests. 

A titration of antigen should then be carried 
ont as follows: A serum from a known case of 
syphilis should be obtained and 0.1 ec. of the 
inactivated serum added to cach of a serics of 
tubes, Another series of controls is made by the 
use of a like quantity of inactivated normal serum. 
To cach of the tubes of the test serics 
varying amounts of antigen are added and like 
amounts added to the control tubes. Complement 
0.1 ee, is added to cach of all of the tubes and 
tho set incubated one hour, At the end of this 
time, two units of amboceptor for sheep's cor- 
purelos aud Lec, of & per cent. suspension of 
sheep's corpuscles are added and the tubes incu- 
bated for another hour. The smallest amount of 
antigon which, with the syphilitic seram, will bind 
vomploment, i indicated by the tube containing 
the lowest quantity of antigen in which hemolvsis 
has vot taken place. The control tabe containing 
# like quantity of antigen but with normal serum 
should bo completely hemolyzed, 

Having wow standardieed both antigen and 
hemolytic amboceptor, the test of the seram in 
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question is carried out as follows: 0.1 oc, of 
inaetivated serum to be tested is added to 0.1 cc. 
of complement and that amount of antigen added 
which wat found to be the minimum required to 
bind complement in the presence of 0.1 cc. of 
syphilitic serum. Contro] tubes are made as fol- 
lows: One positive control is made aa the test 
serum tube but with a like quantity of inactivated 
known xyphilitic serum in place of the serum to be 
tested. One negative control is prepared with the 
zamé components ae the teet serum tube except 
that inactivated normal serum is nsed instead of 
the serum to be tested. ‘Three control tubes are 
made with the test serum in one, positive serum in 
a second and the normal serum in the third, and 
sult solution substituted for the antigen to ascer- 
tain whether or not the serum alone causes com- 
ploment deviation, Ono control tube is made with 
salt solution instead of serum to see if antigen 
alone will bind complement. Another control may 
be made with complement, human serum to be 
tested and corpuscles to exclude hemolysins for 
sheep's corpuscles being present in the human 
serum, After incubation of the antigen, comple- 
ment, serum mixtures and control tubes for one 
hour, the hemolytic system, consisting of two 
Units of hemolytic amboceptor and 1 c.c, of 5 per 
cent. corpuscle suspension, is added to each tube. 
After a second incubation of one hour the tubers 
are examined for hemolysis, There should be no 
hemolysis in the positive control tube. In the 
other control tubes complete hemolysis should have 
taken place. If hemolysis is present in the tube 
containing the test mixture the reaction is nega- 
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‘The percentage of cases in which syphilis could 
be excluded so far az possible from history and 
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negative clinical symptoms, and which gave a 
positive reaction, varies from 0,3 to 3,6 per cent, 

‘The results in the parasyphilitic diseazes are as 
follows: In tabes, using blood serum, the average 
cf positive reactions is 62.88 per cent.; using 
cerebrospinal finid, 56,2 per cent. In general 
paresis, using blood serum, 88.1 per cent. of cases 
fare positive, with cerebrospinal fluid 90 per cent. 
(Noguchi). 

The earliest appearance of the Wassermann re- 
action is that reported hy Lesser, eight days after 
exposure. The reaction usually appears by the 
end of the fourth week after the appenrance of the 
chancre. 

Among non-syphilitic diseases the Wassermann 
reaction has been observed in trypanosomiasis, in 
leprosy with less constancy, in scarlet fever (usu- 
ally weakly positive and transient), in framboeia, 
tubereulosis and carcinoma. In these non-syph- 
ilitic diseases, the ones giving the highest per 
cent. positive reactione are those least likely to be 
confused with syphilis. ‘The ‘reactions found at 
times in carcinoma and tuberculosig may be due 
to coneurrent syphilis. 

Specific treatment has been found by all ob- 
servers to have a profound influence on the 
Wassermann reaction and disappearance of the 
test has been observed after treatment for from 
six months to five years, 

A positive reaction ie therefore regarded by 
many observera as an indication for further 
treatment. 
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CYTOTOXINS. 


Following the discovery of immune hemolytic 
serums it was a short step to experiments which 
involved immunization with varions other tissue 
cells, and as a result of such work we are to-day 
familiar with antiserums for almost every organ 
of the body, 

Metchnikoff gave the name of eytotoxins to those 
serums which destroy cells other than bacteria 
and erythrocytes; the word cytolysin is used syn- 
onymously, Naturally a serum which destroys any 
cell whatsoever is cytotoxic, but according to the 
rather loose custom which prevails, we speak of 
bactoriolysins, hemolysins and other cytolysins, in- 
cluding among the latter serums which destroy 
leueoeytes, the cells of the liver, kidney and other 
organs. 

Cytotoxins are of interest, not only because they 
are produced in accordance with the general 
laws of anti-body formation, but they have, in ad- 
dition, 2 certain theoretical and practical 
importance. Immediately on their discovery the 
possibility became manifest that they might be 
utilized in the elucidation of certain physiologic 
and pathologic problems. For example, by put. 
ting the thyroid out of function through in- 
jections of thyrotoxic serum it might be pos- 
side to confirm, or to prove incorrect, cer- 
tain theories as to the rile of the gland in 
wnetabolism, Or, by the selective destruction of a 
tissue, facts concerning its regenerative powers 
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might be learned. The use of an antipancreatic 
serum might throw some light on the nature of 
diabetes, Therapeutic possibilities also suggested 
themselves. One might be able by means of artifi- 
cial anticytotoxic serums to counteract cytotoxing 
which were being formed pathologically in the 
body. Or, by injecting small amounts of a cyto- 
toxin, perhaps one could stimulate to a renewed 
production of the homologous cells; small doses of 
a hemolytic scram might be useful in combating 
aneming, Or small amounts of leucotoxic serum 
might cause an increase in the number of leuco- 
eytes, and thereby an increased resistance to infec- 
tion. Perhaps autocytotoxins are formed in some 
such manner as the following: An extraneous 
toxic substance causes the destruction of a few 
kidney cells, the constituents of the latter reach 
the circulation and stimulate other organs to the 
formation of autonephrotoxie amboceptors, which 
then assist in the destruction of more renal tissue, 
with the result that a vicious cycle is sct up. 

Tn spite of so many theoretical values, the study 
of eytotoxic serams has not yielded the results 
which wore anticipated, perhaps chiefly because of 
thefr lack of specificity (Pearce and others). Al- 
though the cells of the different organs differ wide- 
ly in their morphology and function, there are no 
doubt certain chemical constituents (receptors) 
which they possess in common. Of this we have 
experimental proof from the fact that immuniza- 
tion with one typo of cell yields x serum which is 
toxic for the cells of various organs. It is difficult 
or impossible to injure ane organ to the exclusion 
of all others by means of a cytotoxin. One may 
attempt to purify a cytotoxic serum through ab- 
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sorption of the adventitious amboceptors by rasan 
of the corresponding cells. Inasmuch, however, as 
the result is a decrease in the chief ee 
as well as of the adventitious, the desired 
not fully realized. ‘Theoretically the iene 
treatment of malignant tumors offers an 
tant fleld for research. But here, too, various: 
ficulties are involved, as lack of specificity of 
serums and the multiplicity of cell-types which 
constitute different tumars. 

Experiments with cytotoxic serums may be con- 


~ ducted in vitro or in the living animal. In cither 


case a necessary condition for the recognition of 
the cytotoxic action is the presence of some dis- 
tinctive sign of vitality on the part of the cell, the 
logs of which may be taken as evidence of cell- 
death. Loss of motility and of proliferative power 
indicate the death of bacteria, and solution of 
hemoglobin the death of erythrocytes. Under par- 
ticular conditions loss of motility on the part of 
certain tissue cells, as spermatozoa, leucocytes and 
ciliated epithelium, is an evidence of cell death or 
cell injury. The toxic action of seruma on cells of 
fixed form is more difficult to determine, and for 
evidence one must rely on such points ag clearing 
of the protoplasm (digestion?), awolling of the 
cell and nucleus, actual solution of the cytoplasm, 
or degenerations of the homologous organs when 
the serum is injected into the living animal. 

'The technic of immunization with tissue cells is 


ion similar to that of immunization with bacteria. In 


order to obtain leucocytes in abundance, artificial - 
leucocytosis is produced in the peritoneal or pleural 
cavity by the injection of bouillon, or lymph 
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glands, spleen or bone-marrow may be ground up 
and injected. 

Immunization with solid organs, as liver, kidney 
or testicle, is easily accomplished, a necessary pre= 
liminary for injection heing a thorough disintegra- 
tion of the tissue by grinding with sterile sand; 
the resulting mass when suspended in salt solution 
paazes through the injecting needle readily. 

Cytotoxins, like bacteriolysins and hemolysins, 
are complex substances, in that they consist of am- 
boceptors and complements. ‘The amboceptors 
alone are increased during immunization, the com- 
plement being a normal constituent of the serum 
of the animal, The phenomena of inactivation 
and reactivation are observable here as in connec- 
tion with other cytolytic serums. Anticytotoxins 
are readily produced by immunization with many 
eytotoxins ; the antiserum usually consists of anti- 
complement, but in some instances antiambocep- 
tors have been described. 

Simultaneously, or nearly so, Landsteiner in 
Vienna and Metchnikoff in Paris reported the 
production of spermotoxie seruma by immuniza- 
tion with spermatozoa, the natural motility of 
which rendered the recognition of cell death eaay. 
‘The technic which Landsteiner first employed was 
that of the Pfeiffer experiment in that he immun- 
ized guinea-pigs with the spermatozoa of cattle and 
observed loss of motility on the part of the cells 
when they were injected into the peritoneal cavity 
of the immunized animals. Comparable with 
many other cytotoxins, spermotoxin kills the ho- 
mologous cell without causing its solution. The 
Toss of motility is also observed in hanging-drop 
preparations provided a fresh or a complemented 
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serum is used. Most normal serums show a 
greater or less degree of toxic action for the sper- 
matozoa of other animals, and normal spermotox- 
ins lke the immune consist of amboceptor and 
complement. Metchnikoff claims to have pro- 
duced bel autoepermotoxin y a izing guinea 
pigs with the spermatozoa of other guinea-pigs, 

When a spermotoxic serum is injected into the 
living animal it is thought that the 
are taken up by the homologous cells, and this 
would seem to affect the vitality of the sperma- 
tozoa, inasmuch as De Leslie rendered male mice 
sterile for 16 to 20 days by the injection of the 
serum, 

Tt is of theoretical interest that castrated ani~ 
mals will yield spermotoxin by immunization, 
showing that the amboceptors are not of necessity 
produced by the analogous tissue of the immun- 
ized animal. From the fact that spermotoxic 
serums are hemolytic, it is assumed that certain 
receptors are common to erythrocytes and sperma~ 
tozon. Hemolytic serums, on the other hand, may 
not be spermotoxic. ‘There is nothing contradic. 
tory in this lack of reciprocal action, for those re- 
ceptors which are common to the two cells may not 
be important for the life of the spermatozoan, 
Whereas the oppoeite condition prevails with the 
erythrocyte, 

Tt in cortainly of interest that immunization with 
tho plaama of ora cases the formation of spermo- 
toxlo amboceptors, a fuet which points to certain 
common constitnente of the two cella, 

Antispermotoxin may be produced by immuniza- 
tion with mpermotoxic serum (anticomplement or 


antlamboceptor) , 
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Following technic similar to that employed by 
Landsteiner, von Dungern obtained a eytotoxic {> 
serum for ciliated epithelium of the trachea. The 
cells disintegrated in the peritoneal cavity of the 
immunized animal, but not in that of the normal 
animal, ‘This serum also proved to be hemolytic 
in spite of the fact that no erythrocytes were in- 
cluded in the injections. That the receptors which 
characterize ciliated epithelium are widely distrib- 
uted is shown by the fact that immunization with 
cow's milk causes the formation of a cytolytic 
serum for the tracheal epithelium of the cow. 

Teucotoxie, lymphotoxie or lymphatotoxic 
serums are prepared by immunization with ex- 
udates which are rich in leucocytes, or with the 
emulsions of lymphoid organs: lymph glands, 
spleen, bone marrow. Metchnikoff prepared the 
first serum of this nature by the injection of the 
spleen of rats into guinea-pigs, Leucotoxic serums 
are toxic, not only for leucocytes, but also for red 
eorpuseles and endothelial cells. When injected 
into the peritoneal cavity the endothelium is 
thrown off, and when given subcutaneously the 
capillary endothelium is attacked, with the result 
that blood escapes to form a large hematoma. The 
‘action of the serum on leucocytes may be observed 
in vitro. The mononuclear cells are often more 
susceptible than the polymorphonuclears, although 
‘this depends somewhat on the animals and the 
particular organ used for immunization. The cells 
lose their motility, the cytoplasm becomes trans- 
parent, and swells to form a largo clear vesicle, 
which appears to be surrounded by a sharp, thin 
membrane. The cell contents may be discharged 
or entirely liquefied, the nucleus alone being ree- 
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cavity or blood stream, the exact 
being obscure, 

Metchnikoff, faking te view thet i a 
"en of old age depend en the destruction of vari- 


Bifect of 
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Serm 
‘Sitance of decrease in the number of joes and during 
this period of hypoleucocytosis the resistance of the 
animal to peritoneal infections with the organisms 
of typhoid and cholera {e lowered. One may refer 
this effect to the destructive action of the serum 
on the leucocytes, by which phagocytosis ie pre- 
vented, or, according to Wassermann, it may de- 
pend on the action of anticomplement which the 
leucotoxic serum contains. (Leucocytes contain 
complement, hence immunization with lencoeytes 
causes the formation of anticomplement.) It is 
probable that both factore are of influence. In the 
course of from twenty-four to forty-eight hours 
after peritoneal injection of the serum, the leuco- 
eytes reaccumplate to an enormous extent. Dur- 
ing this secondary hyperleucocytosis resistance to 
peritoneal cholera or typhoid is increased. Some 
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non-toxic substances, as bouillon, have a similar 
‘effect, and although the secondary leucocytosis is 
never so great as that caused by the lencotoxic 
serum, the protective action is equally high. It 
would seem that, leucocyte for leucocyte, those 
which accamulate following the injection of leuco- 
cytoxie serum are less efficient in antibacterial 
action than those whose presence is eaused by 
nontoxic substances (Ricketts). Hence there prob- 
ably is no field for lencotoxic scrum as a means of 
temporarily increasing resistance to bacterial in- 
fections, 

By guarded immunization Besredka obtained an 
antileucotoxie serum. 

Nephrotoxic serums have been brought into 
close relationship with clinical and anatomic prob- 
Jems by 2 number of investigators. Some normal 
serums are held to be nephrotoxic inasmuch as 
their injection is followed by albuminuria and 
renal degenerations. Immune nephrotoxins have 
a similar but more pronounced effect, and Linde- 
man referred the death of hie experiment animals 
to the development of a uremle condition. Of 
more than ordinary interest is the claim of cer- 
tain workers that sutonephrotoxins may be formed 
im the body. One (Lindeman) eansed « toxic 
nephritis in dogs by the injection of potassium- 
bichromate. The serum of this dog, although free 
from chromic acid, was toxic for other dogs, pro- 
Aucing the symptoms which are caused by an im- 
mune nephrotoxic serum. It waa supposed that 
the chromic acid in the first dog caused disintegra- 
tion of ronal cells and that the constituents of the 
latter were then taken up by nephrotoxie receptors 
which normally reside in the organs of the ani- 
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mal; rniecsenciesie riko bes ord 
and their presence became manifest 


serum wat injected into other dogs. In accord- 
ance with this view the original toxic cause of a 
degenerative nephritis would be of lesa conse- 
quence for the continuance of the condition than 
the formation of the nephrotoxic amboceptors; i. ¢., 
the formation of an autonephrotoxin. 

j Somewhat similar rosulte wore obtained by oth- 
ers through ligation of the renal vein or artery on 
one side, Constituents of cells of the ivolated kid- 
ney were supposed to be absorbed, and as a conse- 
quence nephrotoxic amboceptors were produced in 
excess by organs of uncertain identity. To the 
action of the new-formed bodies were attributed 
the degenerative changes which were found in the 
opposite kidney, and the nephrotoxic properties 
which the serum manifeested when injected into a 
healthy animal of the same species. 

Antiucen re: According to Ascoli and Figari unilateral neph- 
‘s  rectomy so injures the opposite kidney (overwork) 
that the serum of the animal becomes nephrotoxic, 
‘They state also that an animal, the serum of which 
contains nephrotoxin, may antagonize the latter 
| by the production of antinephrotoxin, and suggest 
that spontaneous recovery from nephritis may be 
due to the action of such an antibody. They would 
account for the cardiac hypertrophy of nephritis 
by the action of nephrotaxie serum in causing con- 
traction of the peripheral vessels with consequent 
inoreass of blood pressure; and for the nervous 
symptoms om the basis that the serum contains a 
wourotoxic constitnent, 

‘We dardly dare consider such farreaching con- 
elnaions as decisive until they have been extensively, 
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confirmed. Yet whatever may be their real value 
they serve to emphasize the possibility that thoro 
principles which are so important in relation to 
immunity against infectious diseases, may be 
equally important in relation to other pathologic 
conditions. 

Hepatotoxins have been obtained by a number 
of workers, and the attempt has been made to pro- 
duce autohepatotoxins by injecting liver tissue of 
the guinea-pig into animals of the same species. 
‘The success was not unqualified. Hepatotoxins 
when injected are reported to cause insular degen- 
erations of the liver; however, the lesions may be 
caused, in part at least, by capillary emboli of en- 
dothelial cells or erythrocytes. 

Neurotoxie serums have been atudied with some 
thoroughness. Whether one injects the cerebrum, 
cerebellum or spinal cord, the resulting serums 
apparently are similar; either an anticerebral or 
an anticerebellar serum will canse degenerations 
of the spinal ganglion cells. In view of their 
broad range of action it scems improbable that 
neurotoxic serums will be of service in clearing up 
the etiology of system degenerations of the nervous 
tracts. They are usually hemolytic and hemag- 
glutinating and may also be endotheliotoxic and 
Teucotoxic, When mixed with emulsions of the 
homologous brain tissue the neurotoxic ambocep- 
tors are bound by the receptors of the nervous tis- 
‘sue, and the scrum consequently loses its toxicity. 
Antineurotoxic serums have bean described. 

Syneytiolysin ix the name given to a serum which 
is obtained by immunization with the placenta. 
Certain writers (Veit and Scholten, Charrin and 
Delamare) report thnt the injection of placentar 
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tiseue alone causes albuminuria, a 
which led them to assume that the : 
contain a nephrotoxic substance. Tnasmuch 
placentar cells or their constituents may reach the 
cireulation during eclampaia oases «a 
not a long step to suppose that the nephritis of 
pregnancy is due to the toxic cells 

are absorbed. ‘The results which Weichardt re- 
ported gave some strength to the view juat cited. 
By treating placentar tissue of rabbits with the 
specific cyncytiolysin the toxin supposedly was lib- 
erated, and the mass when injected into normal 
rabbits is said to have produced symptoms of an 
eclamptic nature. On the basis of these observa- 
tions the hope has been expressed that an anti- 
toxin for eclampsia might be prepared by immun- 
ization with placentar tissue. However, the con- 
ditions are by no means simple; any value which 
‘tho destruction of circulating syncytial celle or | 
their toxin would afford might be more than offset | 
by the action of the hemotoxin and neurotoxin 
which the serum is said to contain. Whether or 
aot thn bypethaion lin of. grag ome 
be separated from the other cell constituents, 
whether immunization with the toxin will yield 
‘an antitoxic seram are possibilities which remain 
for furthor investigation; the results cited bare 
not been obtained by all observers. 

Liepmann hopes for a soram-diagnosis of 

nancy, If, as sapposed, ths Mond of eel 
woman containa eyncitial cells or their products 
of degeneration, the serum when mixed with 
may conse a 
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placentar constituents in the circulation by this 
biologic method. 


Antithyroid serum is prepared by immuniza- 
tion with ground-up thyroid tissue or with extracts 
of the organ. It is hemolytic, even though all the 
blood has been washed from the tissue which was 
injected. Portis immunized with the “colloid” 
material of the gland obtaining a hemolytic thyro- 
toxie serum. When injected into the living animal 
degenerative changes are produced in the thyroid, 
and some authors report the tetanic phenomena 
which ofton follow surgical removal of the thyroid. 
In very careful work, however, Portis could not 
produce “tho exact picture presented by thyrodec- 
tomized animals” Degenerative changes were 
found in various organs, as liver, spleen and kid- 


neys. 

With the idea of preparing an antigen which 
would contain, so far as possible, only substances 
characteristic of variety of cella used, Beebe has 
made use of nucleuproteids of various organs, ospe- 
cially thyroid gland, to produce antiserums. His 
results would indicate that in this way serums may 
be obtained, which are specific for different vari- 
etios of cells except in high concentration. 

With the use of such a thyrotoxie serum he has 
reported good results in cases of hyperthyroidism. 

Peareo haz failed to confirm these results and 
obtains results, with neucleoproteid as antigen, 
which are similar to those which he obtained with 
simple extracts. 

Beebe, however, criticises the technic of Pearce 
in that Pearce heated his preparation, thus, accord- 
ing to Boobe, destroying the specific biologic char- 
aeter of the extract, 
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It would appear that further shearstbaah 
desirable before conclusions can be drawn te 
ing the value of wnclecurateliss evans 

Brown Pueey has made the interesting sugges 
tion in regard to sympathetic ophthalmia that tho 
disease may be due to the formation of autocyto- 
toxins which are specific for the cells of the inner 
surface of the ciliary body and iris. The disinte- 
gration producta of the corresponding cells in the 
eye which was primarily injured would constitute 
the stimulus to the formation of the specific anti- 
bodies. The possibility is as yet a problematic 
one. 

‘The experimental study of cytotoxic serums for 
the panereas has, up to the present time, thrown 
little light on pancreatic diseases. It stated that 
the serum may cause transient glycosuria, and it 
is said to have an antitryptic action in experiments 
performed in the test-glass. 

‘The results of different observers concerning the 
action of antiserume for the adrenal gland are not 
in entire accord. Although degenerative changes 
may be caused in the gland when the serum is in- 
jected, the action is not specific; the serum may 
be highly hemolytic (Abbott), 

Ceni claims to have demonstrated in the circula- 
tion of epileptics a cytotoxin which causes the ep- 
ileptic attacks, and reports the production of a 
specific antitoxin. 

Weichardt has published descriptions of a toxin 
which is peculiar to states of exhaustion, giving 
‘an account of the specific antitoxin which he pro- 
duced by immunization. 

Other cytotoxins which have been prepared, as 
thoee for the pituitary body, gastrie mucosa and 
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cardiac muscle, have at the present time nothing 
more than general biological interest. 

It would seem that no question in relation to 
cytotoxic serums is more important than the pos- 
sibility that autocytotoxins may develop and in- 
stitute the vicious cyele which was mentioned ear- 
lier. It is true that the results of some investiga- 
tors suggest the probability of such a process, but 
it would be going too far to say that its existence 
az an important pathologic law has been estab- 
lished. On the contrary, the development of auto- 
evtotoxins ia one of the rarest of occurrences in 
experimental work; and Ehrlich has spoken of 
the inability of the body to form such antibodies 
a8 a condition of “horror autotoxicus.” ‘The cella 
of our kidneys and our erythrocytes certainly do 
degenerate, and it is quite possible that the recep- 
tore which are thereby liberated actually reach 
cytotoxic amboceptors which are situated in other 
organs. In the event that the process extends to 
this point, Ehrlich assumes that the amboceptors 
are of a sessile nature, that in spite of the stimula- 
tion to which the cells are subjected the “sessile 
amboceptors” may not be overproduced and lib- 
erated as in the case of antibodies for bacterial 
substances or for the cells of other species. In 
accordance with this explanation we are saved 
from intoxications of the nature in question be- 
cause of the sessile nature of the cytotoxic ambo- 
ceptors. 
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CHAPTER XIX. 


PHAGOCYTOSIS. 

As one may learn from the writings of Metchni- 
koff, phagocytosis, in its broad sense, exercises 
three distinct functions: nutritional, resorptive 
and protective, : 

Phagocytosis, for purposes of nutrition, is most 
highly developed in unicellular ameboid 
isms, but is found also in animals of considerable 
organic differentiation, It is, perhaps, nowhere 
more striking than among certain my 
which are large, naked, multinucleated, protoplas~ 
mic masses belonging to the plant kingdom, pee 
which possess a liar, slow, undulat 
Ingestion is Serer ‘ean peoeteae 
arms (pscudopodia) which are thrown out to en- 
velop the object. Minute plant and animal cells, 
living or dead, are ingested in this manner by the 
myxomycetes, amebe and other unicellular organ- 
isms and are subsequently digested by means of 
intracellular ferments. The ferments which have 
been extracted from such cells are proteolytic since 
they digest gelatin and fibrin, usually in an acid 
but sometimes in an alkaline medium ; that from 
amebe has been called amibodiastase. In the proc- 
ess of digestion a “vacuole,” acid in reaction and 
containing the ferment, forms around the in- 
gested particle. In certain phagocytic unicellular 
organiems the protoplasm shows a degree of differ- 
entiation, a mouth and an anus being simulated at 
points where the food i most readily taken in and 
discharged, Instances are cited in which ameboid 
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organisms protect themselves against inimical calls 
by ingesting, killing, and finally discharging or 
digesting the latter. 

‘The botanist, Pfeiffer, first described the pho- 
nomena of negative and positive chemotaxis in re- 
lation to the myxomycetes. Under certain condi- 
tions they either are attracted toward or move 
from moist places. That a negative chemotaxis 
may be changed into a positive was shown in rela- 
tion to salt solutions, When placed in the vicinity 
of or in contact with strong solutions the cell re- 
cedes, whoreas if one passes gradually from weaker 
te stronger solutions the latter eventually attract 
rather than repel the cell. 

As one goes higher in the animal scale intracel- 
tular digestion for purposes of nutrition is con- 
fined to rather definite groups of cells. The intea~ 
tinal epithelium of certain invertebrates consists 
of “sesajle phagocytes,” cells which, individually 
or after fusion into plasmodial masses, surround 
and digest solid particles of food. It is said that 
in sponges the digestive tract is not sharply sepa- 
rated from the mesodermal tissue, and the cells of 
the latter share with the former the function of 
intracellular digestion. 

In higher invertebrates and in all vertebrates 
the intestinal epithelium ceases to be essentially 
phagocytic, digestion being accomplished rather by 
ferments which have been secreted by the intestinal 
and related glandular epithelium. Such animals, 
nevertheless, possess an abundance of phagocytic 
cells, but they are in the main mesoblastic in na- 
ture, and may have nothing more than a remote 
relationship to the nutrition of the organism. 


lie 
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Macrophages Metchnikoif divides the phagocytic cells of ver- 
| ana vuawen. tebrates into the macrophages and the micro- 


may occasionally take up foreign pertisles, Our 
polymorphonuclear leucocytes are the micro- 
phages. In relation to immunity we are concerned 
chiefly with the large lymphocytes (macrophages) , 
and the polymorphonuclear leucocytes (micro- 
phages). Although such cells may contain many 
ferments, Metchnikoff recognizes but one type in 
relation to their resorptive, digestive and bacteri- 
cidal activities, This he calls cytase and distin- 
guishes that of the macrophage as macrocytase and 
crise, that of the microphage as microcytase, Cytase 
corresponds to the complement of Ehrlich. The 
two cells do not hayo identical activities, the ma- 
crophage being concerned specially in the resorp- 
tion of tissue cells and in immunity to certain 
chronic diseases, as tuberculosis and leproay, 
whereas the microphage is the cell which is con- 
spicnously antimicrobie in relation to acute infec- 
tions, 

According to Metchnikoff, the leucocytes are 
very active in the resorption of useless or foreign 
cells. During the metamorphosis of certain in- 
vertebrates it is said that the larval tissnes are 
englobed and digested by wandering phax 
gocytic cells, In involution of the uterus 
the muscular tissue is invaded by leuco+ 
cytes which take up and digest or carry away the 
“setrogressive elements.” Metchnikoff’s concep- 
tion of certain atrophic processes, particularly 
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thoge which are grouped among the senile atro- 
phies, is of interest to pathologista. In sclerotic 
atrophy of the ovaries the large lymphocytes in- 
yode the tissue, surround and destroy the ova and 
follicular epithelium and eventually, as fibroblasts, 
participate in the formation of fibrous tissue which 
to a degree is substituted for the original strac- 
ture. In old individuals or in those of failing 
mentality it is said that ganglionic cells are found 
in a greater or less degree of atrophy because of 
the action of certain mononuclear phagocytes 
i (neuronophages) which are contiguous to or form 
| a zone around the cell. The neuronophages may 
| mononuclear cells from the blood or 
those of proliferated neurogliar tissue. The best 
examples of this condition were found in very old 
‘The chromophores of the skin, according to 
Metchnikoff, may be considered as chromophages. 
Whether or not they are of epithelial origin, as he 
claims, they are said to exiat normally in the hairs 
in a latent or inactive condition, As old age comes 
on, or as a result of other obscure causes, their 
attitude becomes an active ono, and they proceed 
to take up and digest the normal pigments of the 
hairs. Hence, white hairs are the result of an 
antoparasitiam by certain mononuclear phago- 
eytes. In muscular atrophy it is held that the 
sarcoplasm takes up the striated tissue after the 

manner of phagocytes. 

We come into closor touch with our genoral sub- Resorption 
ject of immunity when we consider the resorptive Gens. 
function of the phagocytes for coll which are for« 

‘eign to the host, for example, toward erythrocytes 
which are injected for the purpose of producing a 
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that a ferment of this nature may be extracted 
from the lymphoid organs, that it contains a heat- 
susceptible constituent, and that when fresh it 
may be used to reactivate a heated hemolytic 
serum. This would indicate that the leucocytes 
contain cytase (complement), but it is not clear 
that they would also contain the fixators (ambo- 
ceptors). Nevertheleas, the demonstration of an 
intraloucocytic hemolysin and a knowledge of the 
phagoeytic power of the leucocytes for erythro- 
cytes form the basis for Metchnikoff’s belief that 
serum-hemolysin is nothing more than intraleuco- 
eytic hemolysin, which under proper conditions 
may reach the eerum or plasma, By an 

of this conception it is held that all cytolysins are 
produced by the macrophages. 

Whermosta- Korschun and Morgenroth, on the other hand, 
Bile Hemoly~ obtained from lymphoid and various other organs, 
gan Extracts. oot s thermolabile hemolysin, but one which with- 

standa prolonged boiling—a coctostabile hemolysin 
which is soluble in alcoho}, shows no amboceptor 





CYTASE, ou 


complement composition, and is incapable of yield~ 
ing antihemolysin by immunization, These re- 
sults, Metchnikoff holds, are only in apparent dis 
cord with those obtained by himself and his pu- 
pils, and depend on the methods of extraction 
which were employed. In order to obtain the ther- 
molabile hemolysin uncontaminated with the ther- 
mostabile, the extraction must be a rapid one, If, 
on the other hand, it is prolonged, as Metchnikoff 
assumes that of Korschun and Morgenroth to have 
been, the intracellular ferments digest the remain- 
ing cell constituents, including the thermolabile 
hemolysin, and the thermostabile hemolysin is lib- 
erated or formed in the process. 

Believing that cytase, under normal conditions, 
exists only within the leucocytes, and that its pres- 
ence outside these cells is artificial, Metchnikoff 
cites experiments similar to the following in sup- 
port of his views: 

Given a guinea-pig which has been immunized 
with the blood of a goose: if fresh goose corpuscles 
are injected into the peritoneal cavity, the cells are 
hemolyzed in the fluid without the occurrence of 
phagocytosis. Two explanations of the extraleu- 
cocytic presence of cytase and fixators, which is in- 
dicated by this result, are possible: first, that they 
are present normally and continuously in the plas- 
ma of the immunized animal, or, second, that they 
‘become liberated at the time the corpuscles are in- 
fected. According to Metehnikoff, the latter conten- 
tion prevails rather than the former. He recognizes 
# phenomenon which bears the name of phagolyeis, 
i. e., solution, partial or complete, of phagooy 
Almost any foreign substance or fluid which one 
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may choose to put in contact with leucocytes #9. 
stimulates or injures them that they discharge cer- 
tain of their constituents. If the fixators and 
cytase are among the constituents which are dis- 
charged at the time the injection is made, the 
extracellular hemolysis encountered in the experi- 
ment described above might depend on the libera- 
tion of these substances rather than on their nat- 
ural occurrence in the plasma. If this be true, 
and if one could in some way fortify the lencocytos 
against phagolysis, the plasma would remain | free 
from hemolytic power. Metchnikoff 

such fortification, i. «, prevents phagolysis, by a 
simple procedure, which demands nothing more 
than the peritoneal injection of a small quantity 
of bouillon or salt solution twenty-four hours in 
advance of the experiment. Possibly by this 
means the leucocytes have been habituated to the 
presence of a foreign fluid, or the new leucocytes 
which accumulate possess greater resistance. What- 
ever the explanation, the erythrocytes which are 
injected at this critical time are said not to un- 
dergo extracellular hemolysis, but instead are en- 
globed and dissolved by the macrophages. ‘These 
results and others of a similar nature are the basis 
for the belief that cytase normally is intracellular, 
and that it becomes extracellular only when the 
leucocytes are subjected to injurious influences, 
The fact that the serum of defibrinated or coagu- 
lated blood contains cytase is not in discord with 
such an opinion, for in this instance also the leu- 
cocytes may be injured to such a degree that cer- 
tain of their constituents are discharged. We are 
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well aware that fibrin ferment is liberated under 
these circumstances. 
‘Tt was equally desirable, if possiblo, to determine 


uation is, however, very complex, and, although 
Metchnikoff regards the fixators as secretion or ex« 
cretion products of phugocytic cells, the question 
is, perhaps, not definitely settled. When phagoly- 
sis is prevented in the manner described, the in- 
jected erythrocytes may well absorb fixators from 
the plasma and still undergo no hemolysis until en- 
globed by the phagocytes, It is considered that 
fixators in contrast to cytase may exist in the cir- 
culating plasma, 

Phagocytosis as a feature of local resistance 
against microbie invasion was coneidered in rela- 
tion to inflammation, We come now to spoak of 
the relationship of the leucocytes to general 
states of immunity, having reference to the condi- 
tions which have been designated as natural and 
acquired antibacterial immunity, and natural and 
acquired antitoxic immunity, 

‘The first expressions of Metchnikoff concerning 
the antimicrobie activity of phagocytes, the power 
of freeing the organism from “invaders of every 
sort,” were made altogether from an a priori stand- 
point in an address delivered in 1883, “Ueber die 
Heilkriifte des Organismus.” He justified his po- 
sition on general grounds, having in mind the 
“more general phenomena of phagocytosis and the 
resorption of corpuscular elements,” as he had 
observed them in various zodlogical studies, 

Shortly there came to him the opportunity of »: 
studying an infectious disease among the Daphnia ins 


Lee) he 
the relation of fixators to the leucocytes. The sit- [inenestes, 
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(water-flea), a small transparent crustacean. The 
disease was caused by a blastomyces which forms 
a long needle-shaped spore. After being swal- 
lowed by the animal the spores penetrate the in- 
testinal wall into the Lody cavity where are 
surrounded, englobed and digested by the white 
blood corpuscles. If this occurred with sufficient 
vigor all the spores were disposed of and the ani- 
mal recovered. Sometimes, however, the spores 
germinated even after they had become intracellu- 
lar, and when the parasitic cells reached maturity 
they apparently had the power of killing the leu- 
cocytes through the agency of a secretion peculiar 
to themselves. In the event that the latter proc- 
ess was sufficiently extensive the tissues were soon 
overrun with parasites and death resulted from a 
septicemic condition. ‘The observations were made 
in the living transparent animal. 

Although the example cited seemed convincing, 
it was, of course, necessary that observations 
should extend over many infectious processes be- 
fore phagocytosis as the cause of natural immunity 
could be accepted as a general fact. This has been 
dono on rather broad lines by Metchnikoff and his 
pupils, and the results have served to convince 
them that the phagocytes are responsible for nat- 
ural immunity in all instances, and that the de- 
gree of natural immunity in a given case depends 
on the degree of phagocytosis which is manifested 
against the organism, As stated previously, the 
microphage, with its microcytase, is held responsi- 
ble for antibacterial immunity in most instances, 
although the macrophage is concerned in certain 
chronic infections. 
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Tf an animal is suscoptible to a virulent culture 
of anthrax, but resistant to a weak culture, the 
phagocytic power is found to be greater for the 
weaker organism. The highly virulent culture 
creates 2 condition of negative chemotaxis, with 
the consequence that leucocytes are not attracted 
and microbic proliferation proceeds rapidly. 
Without going into details, studies of the follow- 
ing and perhaps other micro-organisms have 
strengthened Metehnikoff in his views: staphylo- 
cocei, streptococens, pheumococeus, gonococens, 
vibrio of cholera in infections of the guinea-pig, 
the of goose septicemia in relation to the 
guinea-pig, which is naturally immune, the spi- 
tillum of relapsing fever, tubercle bacillus, yeast 
coll and other fungi, and certain animal para- 
sites (Trypanosoma lewisii). 

Most important are certain conditions which 
create a condition of negative chemotaxis, or other- 
wise engage the phagocytes so that they refuse to 
take up the essential organism. Vaillard says 
that all animals are immune to pure cultures of 
the tetanus bacillus or its spores, provided the lat- 
ter have been washed entirely free of toxin. The 
absence of toxin permits of positive chemotaxis 
and phagocytosis, whereas toxin when present 
causes negative chemotaxis, and the bacilli pro- 
ceed to further toxin formation. The same is held 
to be true in infections by some other organisms. 

Tt seems to be definitely established that con- 
taminating organisms (pyogenic cocci, Bacillus 
prodigiosus) may greatly increase the virulence of 
the bacillus of symptomatic anthrax, Bacillus 
Welchii, and the tetanus bacillus—anacrobic or 
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ganisms. On the one hand, the 


teria may produce more favorable beara ies 


the growth of the anaérobes by consuming 
oxygen, or, 2% Metchnikef believes, they may so 
engage the phagocytes that the latter have no dis- 
position to take up the casential organism. This 
condition may be an important one in other mixed 
infections, as when the streptococcus complicates 
diphtheria and searlet fever. 

Tf the phagocytic power is an index of the de- 
gree of natural antibacterial immunity, is the same 
correspondence to be recognized when the immun- 
ity is acquired? ‘To answer this question satisfac- 
torily it is necessary to bring phagocytosis in rela- 
tion to two different types of antibacterial immun- 
ity which it is possible to recognize. Cholera is an 
example of that type of antibacterial immunity in 
which the bactericidal power of the serum under- 
goes a great increase. Tt is stated that anthrax 
represents another type in which the immunity is 
not dependent on the bactericidal power of the 
serum. Probably the same may be said of acquired 
immunity to the streptococcus, staphylococeus and 
the pnenmococens, yet it is perhaps not definitely 
established that the immunity in these instances 
is antibacterial rather than antitoxic. For the 
present we may, however, with Metehnikoff, con- 
ider that the immunity is antibacterial and that 
it is a cellular or phagocytic immunity. 

Rabbits which have been immunized against 
anthrax respond to aubcutancous or intraperitoneal 
injection of a virulent culture by concentrating #0 
vast a number of microphages at the site of inocu- 
lation that the fluid becomes purulent in appear- 
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ance. Examination shows an enormous degree of 
phagocytosis. When, on the other hand, non-im- 
mune rabbit are submitted to similar inocula- 
tions, the fluid which accumulates locally is of a 
clear serous character, contains few leucocytes, and 
no phagocytosis is observable; the animals die of a 
rapidly developing septicemia, From the results 
one may well suspect that the immunity is related 
to and perhaps coextensive with the acquired pha- 
Rocytic power, 





But is the serum of no influence? It has often pm 
been held that phagocytes take up bacteria only yt 


after the latter have been injured or killed by the 
scrum or plasma, Metchnikoff answers this objec- 
tion experimentally by inoculating an immune rab- 
bit with anthrax, withdrawing some of the exu- 
date at a time when phagocytosis is complete, and 
injecting it into a non-immune rabbit. The sec- 
ond animal dies. Since none but phagocytized 
bacilli were injected into the non-immune rabbit 
(1), and since the latter succumbs to anthrax, it 
seems not only unnecessary, but unjustifiable, to 
assume that the bacteria must be attenuated by 
the serum before they ean be taken up by the leu- 
cocytes. May the serum, nevertheless, have some 
obscure action which may not be included under 
such terms as bactericidal and attenuating? It 
seems fairly well established that anti-anthrax 
serum, at least from certain animals, may exert a 
protective influence when injected into other ani- 
mals in conjunction with or in advance of the cul- 
ture; yet Metchnikoff discredits the importance of 
such protection and says that “those properties of 
the body fluids, as the bactericidal, preventive and 
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agglutinating, fall away into the 
such examples of immunity.” It is the 
of the school of Metchnikoff to refer the 
power of a serum to its faculty of stimulat ey 
phagocytes rather than to its effect on the x 
organiama. We shall sce, however, in speaking of — 
epsoning (p. 324) that even in relation to anthrax 
the serum may possess a distinct property which 
facilitates phagocytosis, not by stimulating the 
phagocytee but by eome action on the bacteria. 
Concerning those diseases in which immunity 
ne. is characterized by a great increase of the bac- 
tericidal amboceptors or fixators, Metchnikoff does 
not disregard the existence or importance of the 
immune bodies, but rather seeks to show that they 
| are a product of phagocytic activity. ‘The con- 
ditions are held to be similar to those 
mentioned in connection with intra vilam hemoly- 
| sis. That is to say, microcytase exists only in the 
i leucocytes of the immune animal under normal 
conditions ; it escapes into the plasma, or into the 
serum during coagulation, only as a consequence 
of the phagolysis already mentioned, ‘The phe- 
nomenon of Pfeiffer occurs only because the in- 
jected culture injures the leucocytes, resulting in 
the liberation of microcytase, which in conjunction 
with the fixators causes the solution of the vibrio, 
When phagolysis is prevented by a preceding in- 
jection of bouillon, phagocytosis and intracellular 
solution of the organisms entirely supplant extra- 
cellular solution. 
If an immune animal receives an intravascular 
injection of the vibrio of cholora and is sacrificed 
Paagolyats. shortly, the relation of the organisms to the leo- 
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cocytes may be studied in stained microscopic seo 
tions of the organs (lungs). Leucoeytes which 
have undergone phagolysis are seen to be clumped 
in the pulmonary vessels and in their immediate 
vicinity one finds many micro-organisms which 
have been changed into the characteristic granules 
by the action of the cytase which has escaped from 
adjacent leucocytes, Coincident with the phe- 
nomenon of phagolysis, the leucocytes lose their 
phagocytic power; hence, no bacteria are found 
within the leucocytes. On the other hand, all 
those vibrios which are remote from the leuco- 
cytes have a perfectly normal appearance, Phago- 
lysis in the blood stream may be prevented, just as 
in the peritoneal cavity, by a preceding injection 
of bouillon inte the vessels. In this instance when 
the culture is injected no extracellular solution or 
transformation of the ‘organisms into granules 
takes place, but as in the peritoneal cavity, their 
destruction ig accomplished entirely within the 
microphages. Metchnikoff holds to the correct- 
ness of these observations and interpretations, al- 
though contradictory results were obtained by 
Pfeiffer and his pupils. As further evidence that 
eytase does not exist normally in the plasma Metch- 
nikoff cites the condition which is found in the 
anterior chamber of the eye in immune animals, 
‘The vibrios continue unaffected in the aqueous 
humor until such a time as leucocytes wander in, 
when they are destroyed hy phagocytosis. Hence, 
cytase does not exist in the aqueous humor, and 
if not in the aqueous humor it is surely abeent 
from the plasma; for if present in the plasma it 
would reach the anterior chamber by a process of 
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golysis) ; the plasma contained ees 


clotting; here also cytase was absent from the 
plasma. 
It would seem, then, that two important anti- 


; the development: of specific 


on the part of the leucocytes, Metchnikoff leans 
to the view that bacteria, having absorbed fixators, 
are more readily phagocytized, but no clear idea is 
given as to the change which the fixators produce. 
However, he would not refer the increased phago- 
cytic power entirely to the influence of the fixa- 
tora. He believes that the leucocytes of the im- 
mune animal have per se a higher phagocytic 
power than that of the normal animal. In anthrax, 
for example, the phagocytic power is height- 
ened in spite of the fact that sim is no increase 
in specific fixators. This view, however, is op- 
posed by Denye and Leclef, who found that the 
Teucocytes of the immune animal, when trans- 
ferred to normal serum, had no greater phago- 
eytic power than normal leucocytes, 

Metchnikoff believes that fixators, like cytase, 
are produced by the microphage. That the lymph- 
oid organs may form certain fixatora seema prob- 
able from the observations of Pfeiffer and Marx 
in regard to cholera and Wassermann and Takaki 
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in typhoid. During the process of immunization 
and at a time when amboceptors were absent from 
the serum they could be demonstrated in the blood~ 
forming organs (spleen, lymph glands, bone-mar- 
row). Metchnikoif suggests that they may be pro- 
duced in these organs by the microphages which 
have wandered in after having englobed the micro- 
organisms. In contrast to cytase the fixators read- 
ily abandon the leucocytes which produced them 
and become a constituent of the plasma. 

‘The leneoeytes have also been brought in rela- 
tionship to antitoxic immunity and the formation 
of antitoxins. In experimental tetanus exudates 
which are rich in leucocytes contain more toxin 
than doos a similar quantity of blood. That is to 
say, the leucocytes have the power of absorbing 
toxins, and it is held that the natural immunity 
of the animal deponds on the degree to which thie 
power is prevent. ‘The immunity of the chicken 
to tetanus depends not on non-susceptible nerve 
cells nor on the presence of natural antitoxin, but 
on the absorbing power of the leucocytes for the 
toxin. Not only do leucocytes absorb toxins, but 
it is held that they also are the producers of anti- 
toxins. As compared with the side-chain theory, 
it ia a peculiarity of the view of Metchnikeff that 
antitoxin docs not represent a constituent of the 
tissue cella, but rather the toxin itself, which has 
been altered by leucocytic activity in a manner as 
yet obscure. 

Tn passive antitoxic immunity the idea of a 
chemical union between toxin and antitoxin does 
not meet with general scceptance among the up- 
holders of the phagocytic theory. It is sometimes 
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said that antitoxins are efficacious from the fact — 
that they stimulate phagocytosis (absorption) of 
the toxin, the latter then suffering disintegration 
in the leucocytes. 

The following statements summarize the phago- 

oytic theory of immunity as concetved by Meteh- 
nikoff : 
1. Natural immunity to bacteria depends on 
and is coextensive with phagocytosis and eubse- 
quent digestion of the microbes. Intraleucocytic 
destruction of the micro-organisms is accomplished 
by the cytase, possibly aided by intraleucocytic fix- 
ators. Normal serum ie devoid of both fixators 
and 

2. Acquired immunity to bacteria depends on 
the establishment of a heightened phagocytic power 
as the result of immunization or infection, In 
Gisdases like anthrax, in which fixators are not in- 
creased, this new power is an acquired property 
of the leucocytes and is independent of any in- 
fluence on the part of the serum. In diseases like 
cholera, the new fixators which are formed may 
render the micro-organisms more susceptible to 
phagocytosis, but this is probably secondary to 
increased function on the part of the phagocytes. 
Both cytase and fixator are produced by the pha- 
gooytic cells. In acquired active immunity to 
bacteria the fixators may be free in the serum 
and plasma, but the cytase is intracellular, In all 
cases cytase becomes extracellular only as the re- 
sult of phagolysis, 

3, In passive immunity to bacteria, as when an 
antibacterial serum is injected for the sake of 
prophylaxis or eure, the eerum is efficacious chiefly 
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because it stimulates the leucocytes to increased 
phagocytosis. 

4, Natural immunity to toxins depends on the 
power of the leucocytes, and perhaps the genera- 
tive organs, to absorb the toxin. 

5. Active immunity to toxins is established 
through the activity of the leucocytes, by which 
the toxin is probably so changed as to constitute 
antitoxin, 

6. In passive antitoxic immunity the antitoxin 
presumably acts by stimulating the phagocytes to 
an increased absorption of the toxin. 
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DISONINS, 


Although the importance of the influence of 
the serum in phagocytic processes was recognized 
by Denys and Leclef, it remained for Wright and 
Douglas to demonstrate that substances exist in 
capable of rendering bacteria 
susceptible to phagocytosis. The name opgonin 
which they applied to this substance has come 
into general use 

The proof of the action of opsonin on bacteria 
was based on the following facts: 1. When the 
fresh defibrinated blood of some animal is mixed 
with the culture of a suitable miero-organism 
(staphylococcus, streptacoceus, anth bacillus, 
ete.) and placed in the thermostat for 20 or 30 
minutes, stained preparations of the mixturo show 
that the polymorphonuclear leucocytes contain a 
large number of the microbes, 2. If, however, all 
the serum is washed from the blood before adding 
the micro-organisms, practically no bacteria 
ingested, This shows the importance of the serum, 
but docs not differentiate between some effeet on 
the leucocytes, on the one hand, or the bacteria, 
on the other, 3. In order to decide this point one 
to the 
action of fresh cell-free serum, and after a cont 
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the sume degree as when the fresh defibrinated 
blood, containing serum, is used, These results 
seem to show definitely that phagocytosis depends 
on the power of the opzonina to affect the bacteria 
in some peculiar manner. 

Later experiments showed that the opsonie 
power of the blood varied in the course of disease 
just as ic found in the case of other immune sub- 
stances, The relation of such an abnormal opeonic 
power to that of normal serum was designated ax 
the opsonic index. 

The Wright technic deals with three factors as 
will bo apparent from the above: leucocytes, bee- 
teria and serum, 


Leucocytes—The leucocytes are obtained in dif 
ferent ways according to the kind employed. Human 
Ieneoeytes are obtained by puncturing the lobe of 
the ear or tip of the finger with a small lancet 
and catching the blood in a 1 to per cent. 
solution of sodium citrate in 0.85 per cent. sodium 
chlorid solution. The amount of blood necessary 
is usually small, about 1 cc. and 10 c,c, of citrate 
solution is required to keep the blood from clot- 
ting, By centrifugalizing, the corpuscles are 
separated from the citrate solution and the cor- 
puecles washed by pipetting of the supernatant 
fluid and replacing it with physiologic salt solu- 
tion. Two such washings are made and then the 
pearly-colored blood cream containing the leuco- 
cytes is removed from the surface of the red celle 
tor ye. 

Serum.—This is obtained as for agglutination 
or other tests, 
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Bacterig—The bacteria are obtained by 
on the surface of an agar slant for from 12 to 24 
hours; they are then removed into salt solution 
either by means of a loop or by adding the ealt 
solution directly to the agar slant. The eoncen- 
tration should be such that = smear on a alide 
shows plenty of bacteris to the field of the micro- 
scope while at tho same time the individual organ- 
‘isms are well separated from one another. Fre- 
quently to obtain such a mixture it ix necessary 
to shake the emulsion thoroughly to insure divi- 
sion of clumps. 

Haring the sbove constituents they are mixed 
together in the following way: 

A capillary tube is made by drawing out a glass 
tube of about 4 mm. caliber and a length of about 
16 cm. <A small volume of serum is allowed to 
run into the tube by capillary attraction and the 
length of the volume marked on the outside of 
the tube, A small air babble aboat 1 mm, in 
length is then drawn into the tube and then a vol- 
ume of bacterial suapension equal to the volume 
of serum. Again a small bubble of air is drawn 
into the (ube and Lastly a volume of leucocyte mix- 
ture equal to those of serum and bacteria. 

‘Vhe three constituents are then mixed together 
by drawing the three up into the large part of 
the tube and mixing together there by drawing 
back and forth or they may be mixed on 2 glass 
elide and then drawn back into the capillary tube. 
The mixture is then incubated the desired langth 
of time (usually about 15 minutes) and smeared 
on a slide a+ in making an ordinary blood smear. 
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‘The elide is then stained with an appropriate 
stain (for most bacteria one of the eosinates of 
methylene blue) and examined with the immer- 
sion lens of a microscope. 

‘The number of bacteria in successive leucocytes 
is counted and an average made. Various figures 
are given a8 the necessary number of leucocytes 
which should be counted to give accurate results. 
‘The number, however, should be governed by the 
uniformity of the numbera of bacteria in succes. 
sive leucocytes If, for instance, the average 
number of bacterin in three successive counts of 
ten leucocytes is nearly the same, it is more ac- 
curate to take euch an average than if more Jeuco- 
cytes are counted with no uniformity of numbers. 

‘The ratio of the average number of bacteria to 
the leucocyte taken-up in the presence of a given 
serum to the average number taken up in the 
presence of a serum taken as normal is the opsonic 
index. 

By the immunization of animals by various 
bacteria and other cells a serum of high opsonic 
power may be produced, ‘The opsonic action of 
such serums, in contrast to that of normal serum, 
is not destroyed by heating to 86° C. and differs 
from norma! optonin in other respects which will 
be discussed later. In immunizing animals with 
typhoid bacilli, it was noticed that the estimation 
of the concentration of opsonin in the typhoid im- 
mune serum by the Wright method of comparison 
@id not show results that would be expected, That 
is, ashighly immune animal would zhow little 
difference from one with low immunity. Klion, 
therefore, estimated the opsonic power by determ- 
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ining the dilution point at which the number of 
bacteria taken up by the leucocytes equals the 
number taken np without the presence of serum. 
‘This dilution point is sometimes called the point 
of opsonic extinction. The phagocytosis taking 
place without the influence of serum ix known as 
spontaneous phagocytosis. 

‘There has been coneiderable conflict of opinion 
as to whether there are specific opsonins in normal 
serum for different varietics of cells or one opsonic 
substance capable of acting on a variety of cella, 
Hektoen concludes from his own studies and those 
of others, consisting of specific absorption experi- 
ments and observations on the specific fall in 
opzonic power following injection of specific anti- 
gen, and from other experiments, that normal 
serum contains specific opsonins which are capable 
of specific absorption and which are the eame 
substances which are increased to form the im- 
mune opsonin. 

‘The immune opsonins are easily demonstrated 
by absorption experiments to bo highly specific, 

Hektoen and Ruediger have shown that norma] 
opsonins are almost completely destroyed or inncti- 
vated by heat and are therefore thermolabile. ‘The 
inactive opsonin (opsonoid) by saturating the 
receptors of bacterin with the,haptophore group 
prevents further sensitization with fresh serum, 

‘Theae investigators aleo show that opsonin may 
be bound or neutralized similarly to complement 
by solutions of various salts. 

The nature of immune opsonins has been the 
subject of much discussion, Az was stated before, 
immune opsonins resist a temperature of from 56 
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fo 60° C. Deun, Cowie and Chapin, and others 

~ have shown, however, that the opsonie power of 
heated serum may be increased by the addition of 
normal serum similar to that reactivation taking 
place on adding complement to amboceptor, 
Browning hae pointed out that this apparent sim- 
ilarity of the action of normal serum on heated 
opsonin may be due to summation of effects. He 
has shown that by separating immune body in 
opsonic serum at 0° C. by saturation with bacteria 
and then adding complement thore ie a true activ- 
ation, and that no such action ocenrred in treating 
the bacteria with complement, washing and then 
adding heated opsonic serum. He concludes that 
immune body and complement may be concerned 
in opsonic action, but leaves open the question of 
whether the immune body is the thermostabile 
opsonin or not. 

Hektoen concludes from the following facts that 
opsoning are distinct from other antibodies, 

1, Heat may almost completely destroy the 
opsonic power of aeram leaving the lytic ambo- 
ceptors intact. 

2, Serum, normal ax well as immune, may con- 
tain opsonin for a giren organism but not, at least 
s0 far as is known, the proper lytic amboceptor for 
that organiem, 

3. A serum may contain opsonin for an organ- 
fsm, but no agglutinin and the opsonin may persist 
after destruction of bacteriolytic complement by 
heat. 

4, In immunization lytic and opsonie powers do 
not run parallel. 

















Melntion to 
‘immunity 
eanen, 





330 INFECTION AND IMMUNITY. 


If an animal is injected with a proper dose of 
bacteria or alien red cells, there results as a rule ~ 
in the first day or go a fall in the opsonic content 
of the blood ‘along with other antibodies. ‘This 
period is known as the “negative phase,” and is 
followed by a steady rise which roaches its height 
from the eighth to the twelfth day and gradually 
falls to normal, The negative phase as pointed 
out by Hektoen is specific and it has not been 
determined whether it is due to a specific absorp- 
tion or to an effect on the antibody producing 
cells, 

“In several acute infectious diseases the course 
of the formation of new opsonin for the infecting 
agent, in the typical attack, terminating promptly 
in recovery without complications, shows a marked 
general resemblance to the opsonin and antibody 
curve after a single antigen injection in the 
normal animal; it also bears definite and constant 
relations to the clinical phenomena. During the 
early stages when the symptoms are pronounced 
there is a negative phase and then as the symptoms 
begin to subside the opsonin eurye rises above 
normal, reaching the highest point several days 
after the onset, followed by a gradual subsidence, 
This is true of the pneumococcus opsonin in pnew- 
monia, of the opsonin for the diphtheria bacillus 
in diphtheria, of the streptococcus opsonin in 
erysipelas, and also of the opsonin for the dip- 
lococcus of mumps in that disease. The curve is 
typical also for the streptococcus in scarlet fever, 
indicating clearly that this organism unquestion- 
ably plays a definite réle in scarlet fever, whatever 
ite actual causative relation to the disease may be. 
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Tn pneumonia the greatest rise in the leucocytosis 
appears to precede somewhat the highest rise of 
the opsonin, In all these diseases the typical 
wave-like opsonin curve is modified by the devel- 
opment of complications of various kinds and at 
the onset of which it commonly undergoes a dis 
tinct depression, In rapidly fatal cases, for in- 
stance of pneumonia, the opsonic curve or index 
may not return from the primary depression, but 
sink lower and lower, In prolonged infections, 
general as well ag local, there occur irregular 
fluctuations and in chronic, more or leas stationary 
eases, the opsonic index is often subnormal, At 
this time further details cannot be given. My 
chief point is to make clear the close association 
between recovery and the wave-like rise of the 
opsonin, and, as a result of the immunization in 
all likelihood also of other antibodies, in the 
typical attack of acute so-called self-limited in- 
fections. In some of the diseases the opsonin is 
the only antibody that we can measure readily 
with our present means. As I have stated, an 
intraphagocytic destruction of pneumococci and 
streptococci takes place in the presence of fresh 
leucocytes and opaonic serum, whereas either alone 
coustitutes a good medium for these bacterin, 
Taking these facts into account it seems to me 
that the wave-like course of the opeonin in pneu- 
monia and in acute streptococcus infections is a 
strong point on the side of the signal importance 
of phagocytosis in their healing, whatever other 
measure, of which at present we know less or 
nothing, may be in operation also.” 





2. Hektece : 





Wpsonins and Other Antibodies, Kelence, 1900, 








ox 
and Opson- 
‘ta 


Mypothents 
‘Of Welch. 


a2 INPROTION AND IMMUNITY. 
As pointed out by Glynn and Cox, the work of 


= 
Wright and his followers has resulted in an undue 
m. neglect of the importance of the variation in the 


power of leucocytozis in the leucocytes themaelves 
ag a factor in phagocytosis, ‘They emphusims the 
fact that while the determination of opsonic power 
may be an indication of the degree of immunity, 
it does not represent the phagocytic power of the 
blood as a whole. In order to ascertain the 
valuation of the different components separately 
and as a whole they suggest the comparison af the 
leucocytes of ‘the blood in question with those of 
normal blocd and call the ratio of the first to the 
second the evytophagic index. Secondly, they com- 
pare the action of the leucocytes and the serum 
of the blood in question with the action of normal 
lencocytes and seram. The ratio of the first to 
the second is called the opsonocytophagic index. 
What has come to be known as the hypothesis 
of Welch is of such practical and theoretical im- 
portance that reference to it should not be 
over. It may be put in the form of the following 
question: If bacterial toxins and the constituents 
of bacterial cells so act on the tissue cells that the 
latter produce bodies (antibodies) which are in- 
imical to the bacteria, why may not the body fluids 
in turn so act on the bacteria that the latter pro- 
duce bodies (antibodies) which are inimical to the 
tissue cells? “Looked at from the point of view 
of the bacterium, as well az from that of the 
animal host, according to the hypothesis advanced, 
the struggle between the bacteria and the body 
cells in infections may be conceived as an ime 
munizing contest in which each participant is 
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stimulated by its opponent to the production of 
cytotoxins hostile to the other, and thereby en- 
deavers to make iteelf immune against its an- 
tagonist.” (Wolch.) 

A more reasonable hypothesis could hardly be 
advanced, and no small number of facte known 
at the present time are in harmony with it, 
Walker had already performed work of a funda- 
mental character, which showed that the typhoid 
bacillue, when grown in the presence of its anti- 
serum, acquires greater virulence for animals, 
Furthermore, a greater dose of protective serum 
was required to save guinea-pigs from infection 
h the immunized eulture than from the same 
strain which had not been immunized. The fact 
has been known for a long time that the typhoid 
baciline resists agglutination when freshly cul- 
tivated from a patient having the disease, whereas 
it becomes easily agglutinable after a period of 
artificial cultivation. It may well be assumed that 
the bacillus, when playing the part of an infecting 
organism, gradually was immunized against the 
agglutinating properties of the patient's serum; 
and, on the other hand, that it lost this resistance 
after it had been removed from the stimulating 
influence of the infected body, This immuniza- 
tion with agglutinins may be carried on in the 
test glase, and bacterin which have been so treated 
acquire the power to absorb a greater quantity of 
agglutinin from the homologous serum (Bail). 

Another pertinent observation was that by 
Wechsberg, who found that a strain of the diph- 
theria bacillus when grown in a medium containy 
ing diphtheria antitoxin could be made to pro- 
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duce diphtheria toxin more abundantly. We may 
aeeume that the antitoxin combined with the cor- 
responding receptors situated in the bacilli (diph- 
theria toxin), and that the bacilli were, as a result, 
stimulated to produce a greater number of euch 
receptors (toxin). 

Consistent as these observations are with the 
hypothesis under diecuasion, Welch meant a great 
deal more than the immunization of the bacteria 
against the defensive powers of the animal body. 
Not only may a bacterium during infeetion become 
more resistant to the bactericidal action of the 
body hy producing antibodies for those bactericidal 
agencies, or by its ability to absorb and dispose of 
a greater quantity of bacteriolysin; and not only 
may a bacterium be able to respond to the presence 
of natural antitoxins in the body by the produc- 
tion of more toxin; but, in addition, certain con- 
stituents of our body fluids may, by combining 
with suitable bacterial receptors, stimulate the 
bacterium to the production of a whole shower of 
cytotoxin, which attack the leukocytes, erythro- 
cytes, nerve cells, liver, kidney, cte, The nature 
of the animal substances which may combine with 
the bacterial receptors and thus cause the forma- 
tion of the bacteriogenic eytotoxins ix left an open 
question, and is not of essential importance for 
the theory; it is not at all meceseary that they be 
toxie for the bacterium, and they may even be 
taken up as food substances. Likewise the possible 
nature of the cytotoxins produced by the bacterium 
is of secondary importance, It so happened that 
Welch assumed that they might be of the nature 
of amboceptors, which may become complemented 
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by bacterial complement, by the circulating com- 
plement of the body or by endocomplements of 
thé tissue cells. One could with equal reasonable- 
ness assume that they may be complete toxins, 
rocoptors of the second order, with a haptophorons 
and n toxophorous structure, 

A well-known statement of Metchnikoff is to 
the effect that a particular bacterium when yviru- 
lent is not go readily taken up by leucocytes as ia 
an avirulent strain. This fact has been noted re- 
peatedly in recent times in the study of phagocy- 
tosis in the test tube. This may be because the 
organism, in its virulent parasitic state, secretes 
substances which repel the phagocytes, neutralize 
the opsonins, or because of the formation of actual 
leucocytic toxins. 

One of the most widely known phenomena in 
relation to the virulence of some organisms is that 
their pathogenicity may bo increased by pascing 
them through suituble animals repeatedly. ‘The 
best results are obtained when intermediate arti- 
ficial cultivation is avoided and the inoculations 
are made directly from the dead into the living 
animal. It may, with all reason, be assumed that 
by continued residence in the host the bacterium 
has been trained to produce a greater quantity of 
toxic substances which are inimical to the host, 
and that the increased virulence of the parasite 
depends on this condition, 

Although up to the present time systematic 
attempts to place the hypothesis of Welch on a 
firm experimental basis appear not to have been 
made, the observations cited, as well os others 
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which could be enumerated, provide cumulative 
evidence of its correctness. 


AGORESSINS 

Not entirely foreign to the subject discussed 
above is the so-called aggressin theory of Bail, the 
essentia) points of which may be given without 
entering into a detailed discussion. 

Bail attributes to pathogenic bacteria the prop- 
erty of “nggressiveness,” through which they 
directly antagonize the protective agencies of the 
body. The micro-organisms of highest parasitic 
powers, the “true parasites,” as those belonging to 
the hemorrhagic septicemia group, possess the 


“greatest aggressivence, since they are able to pro- 


liferate in the blood stream while the antibacterial 
ties of the body (phagocytosis, ete.) are held 
in abeyance. Other bacteria, which in causing 
disease tend to remain localized, and, if by any 
means they reach the blood stream, are not able 
to proliferate greatly in this place, are “half 
paragites” and have a lower"degree of aggreasive- 
ness; they are more susceptible to phagocytosis 
and to the action of bucteriolysins (typhoid, 
eholera, dysentery). Saprophytes have no aggres- 
sive action, 

This is very general, but Bail and his co-workens 
have attempted to put the conception om an experi- 
mental basis by demonstrating the existence of a 
substance on which the aggressiveness of bacteria 
Aepends; ta this substance they give the name of 
“aggressin.” 

Intraperitoneal inoculation of the tubercle bacil- 
lus into the guinea-pig leads to more or less 
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general tuberculosis and to the death of the animal 
in the course of a fow wooke. If, during the 
course of the disease, a second injection of a large 
quantity of the bacillus is made into the peritoneal 
envity, or if an injection of tuberculin is given, 
the animal dies very quickly. This is, of course, 
nothing more than the well-known :-hypersuscep- 
tibility of tuberculous animals to the products of 
the tabercle bacillus. Tn addition to this fact, 
however, a similar result was obtained in another 
mannor, If a large quantity of bacilli iz placed 
in the peritoneal cavity of a healthy guinea-pig, 
and the exudate is removed after twenty-four hours 
and freed from leucocytes and bacilli, the aggrossin 
of the bacillus is said to be present in the clear 
fluid. This is demonstrated by injecting some of 
the fluid, togethor with tubcrele bacilli, into the 
peritoneal cavity of another healthy guinea-pig 
The rapid death of the animal is the result, 
whereas the bacilli alone cause death only after a 
long period, and the cell-free exudate alone is 
without toxicity. 

A similar condition has been found in experi- 
mental infections with a number of bacteria 
(typhoid, cholera, dyeentery, plague, chicken cho- 
Jera), the essential fact being the same: that, fol- 
lowing intraperitoneal or intrapleural inoculation, 
the resulting exudate, when freed from leukocytes 
and bacteria, has the power of intensifying an in- 
fection by the corresponding organism. 

Where seems at present to be no definite knowl- 
edge concerning the nature of these aggrcesing, al- 
though Bail thinks they may resemble true toxins 
in some respects, Likewise the precise character 
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of their action is unknown, althongh Bail and his 
co-workers are strongly inclined to the view that 
they inhibit phagocytosis by some direct action of 
the 


It is further interesting that immunization with 
aggressins is said to give rise to the formation of 
antiaggressins, and that by the use of antiaggres- 
sive serum the action of the aggressins is 
ized, and the bacteria consequently become the 
prey of the leucocytes. ‘The action of the anti- 
aggressive serum is said not to depend on the pres- 
ence of bacteriolysins, 

Proof of the non-identity of the aggressins of 
Bail and the toxins produced by the organism 
has not been very convincing. 

Viratin, Investigating the resistance of virulent pneu- 
| mococoi (which vary greatly from non-virulent 
forms) to phagocytosis, Rosenow was able, by au- 
tolysis in salt solution, to extract the substance 
on which this resistance depends. He was not 
only in this way able to render them phagocytable, 
but also by treating non-virulent straine with thie 
extract he was able to render them more virulent 
and resistant to phagocytosis. 

‘The substance which he calla virulin is insoluble 
in alcohol and ether, and is thermostable. 


<i 





CHAPTER XXI. 





THE SIDE-CMAIN THEORY OF EHRLICH AND ITS 
RELATION TO THE THEORY OF 
FHLAGOGYTOSIS, 





In 1885, bofore the discovery of toxins and anti- st4e-Chaln 


toxins and before there was any knowledge as to ited to 


the real nature of immunity, Ehrlich’ published a 
small volume on the “Oxygen Requirements of the 
Body.” Herein the belief was expressed that the 
assimilation of foods by cells is accomplished only 
after chemical union has taken place between the 
food substance and some constituent of cellular 
protoplasm. It is not the understanding that ws. 
similation is at an end, however, when this union 
thas occurred, for certain molecules of complex 
chemical nature and of great size must be split up 
into simpler substances before they can enter into 
the composition of protoplasm. Therefore, the cell 
constituent which combines with the nutritious 
molecule serves only se a link to bring the food- 
stuff into relation with the digestive, oxidizing or 
fermentative activities of the cell. 

Ehrlich speaks of that portion of living proto- 
plagm which represents the cellular activities as 
the “ZLeistungskern” of the cell, the center of cel~ 
Inlar activity, or the central group of the proto- 
plasm, whereas those chemical groups which bind 
the food substances are called the side-chains of the 
“Leistungskern.” 

The author of the theory has made his concep- 
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tion more tangible through an analogy which was 
drawn with the so-called ring or nucleus of benzol 
and its side-chains. ‘The molecule of benzol, C,H, 
hos a definite formation in which each carbon 
atom ia linked to two others in such a manner as 
to form a ring; three valences of each carbon 
atom are satisfied in this way, and the fourth is 
satisfied by atoms of hydrogen, one of which is at- 
tached to each carbon atom, thus: 


n 
¢ 
wc “con 
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‘This ring is analogous to the “Leistungskern” of 
the cell. A great variety of chemical compounds 
exists and very many may be produced ayntheti- 
cally by substituting for one or more atoms of 
hydrogen, one or more other groups of atoms which 
may be very simple or very complex. The groups 
which have been substituted sre called side-chains, 
Thus benzoic acid is formed from benzol by sub- 
stituting the acid radical COOH for a particular 
H, and the COOH in this instance is a side-chain 
of the ring: 





SIDE-CHAINS, sah 


Just as the side-chains of the “Leistungskern™ 
may combine with food particles, so may the side- 
chains of the benzol ring combine with other 
groups of atoms and thereby assimilate the latter, 
80 to eay, into the ring. ‘Io choose a simple exam- 
ple, the sodium of sodinm hydroxid may unite with 
the side-chain COOH to form sodium benzoate, 
the hydrogen of the acid radical being replaced by 
the sodium, thus: 


Presumably it is in come such manner as sodium 
is brought into relationship with the benzol nu- 
cleus, in the example cited, that the food sub- 
stances are brought into relationship with the 
“TLeistungskern” of the cell. 

The hypothesis of Ehrlich carries with it the 
assumption that the side-chains of a cell possess or 
consist of definite groups of atoms capable of unit- 
ing chomically with certain other definite groups 
of ators in the food particles ; hence both the side- 
chain and the food substance have combining 
groups—haptophores, The side-chains of the cells 
Ehrlich now calls receptors, elements which we 
have already recognized in connection with im- 
munity, Inasmuch as different foods have differ- 
ent chemical compositions, it is likely that their 
binding groups are not identical; and if this be 
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true there must exist many kinds of receptors each 
of whieh is able to unite only with that food eub- 
stance which has a corresponding binding group of 
atoms. 


Tm contrast to the condition with respect to 
foods, it is held that chemical substances of known 
composition, drugs and alkaloids never become in- 
corporated as a part of the protoplasm, that is, 
they do not unite with cell receptors, although 
they may affect the vitality and function of proto- 
plasm profoundly, heir inability to yield anti- 
bodies as a result of immunization is supposed to 
depend on this condition. Such substances, ac- 
cording to Ehrlich, exist in the cell in a condition 
of unstable salt formation with some constituent 
of the protoplasm, or in a state of solid solution. 

The following statement from a recent publica- 
tion by Bhrlich summarizes the nutritional aspect 
of the theory: “We must assume that all sub- 
stances which enter into the stracture of proto- 
plasm are fixed chemically by the protoplasm. We 
have always distinguished between aseimilable sub- 
stances which serve for nutrition and which enter 
into permanent union with the protoplasm, and 
those which are foreign to the body. No one be- 
Veves that quinin and similar substances are as- 
similated, that is, enter into the composition of the 
protoplasm. On the other hand, the food sub- 
stances are bound in the cells, and this union must 
be considered as chemical. One can not extract a 
sugar residuum from celle with water, but must 
first split it off with acids in order to set it free. 
But now such a chemical union, like every syn= 
thesis, demands the presence of two binding 
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groups of maximal chemical affinity, which are 
suited one to the other. The binding groups which 
reside in the cells and which bind food substances 
I designate as side-chains or receptors, while 1 
have called those of the molecules of foodstuffs the 
haptophorous groups. I also assume that proto- 
plasm is endowed with a large eeries of such side- 
ehaing, which through their chemical constitution 
are able to bind the different foodstuffs and there- 
by provide the prerequisite for cellular metabol- 
ism.” 

Tf the side-chain theory of nutrition is to bo- 
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come the side-chain theory of immunity it is nec- piiea 


essary that it undergo elaboration in order that the 
formation of antibodies may be adequately ex- 
plained. If, as Ehrlich assumes, the union of 
toxin with cell receptors causes the overproduction 
of the latter as antitoxin, and if this union is an- 
alagous to that of food substances with similar re- 
ceptors, one may wonder that antibodies are not 
formed for our ordinary foods, antibodies which 
would be discharged from the celle and which 
would unite with circulating nutritious particles 
and thereby bring about a condition of starvation, 
Without entering into the intricacies of this ques- 
tion, it seems probable that normally a condition 
of physiologic equilibrium exists between the food 
substances on the one hand and the cellular activi- 
ties on the other, so that the union of food with 
protoplasm constitutes no abnormal stimulus to 
the “Leistungskern” of the cell. When, however, 
cells are diverted from their normal metabolic 
function by union with toxins and other “abnormal 
food substances,” the effect on the cell is de- 
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errs INFECTION AND IMMUNITY, 


scribed as a cell defect, the defect consisting of the 
functional elimination of the receptor. The “Zeis- 
tungskern” az the vital or regulating center of the 
cell repairs the defect by the formation of new re 
ceptors, and in harmony with the hypothesis of 
Welgert produces not only enough to repair tho 
defect, but a great exeoss, with the result that 
many are thrown into the circulation. The anal- 
ogy of the “Leistungakern” with the benzol ring 
can not be carried to this extent, for the latter haz 
no power of reproducing side-chains to take the 
place of one which has been bound by some new 
| group of atoms, 
Tt will be appropriate in this place to consider 
‘a the character of the proof which has been offered 
* in support of the three tenets which constitute the 
framework of the theory of Ehrlich. These three 
tenets may be expressed as follows: 1. Antitox- 
ins counteract toxins by entering into chemical 
union with them; a similar union takes place be- 
tween other antibodies and their homologous sub- 
stances. 2. Toxins in injuring cells combine 
chemically with a definite constituent of the proto- 
plasm, the cell receptor; other antigenous sub- 
stances* enter into similar union with the appro- 
priate receptors of cells. 3. The specific antibodies 
of the serum are new-formed receptors identical in 
structure with those which, as cell constituents, 
had combined with the homologous antigens, 
Chemica Wirst tenet: Tn the early days of studies on im. 
Antibodies munity (1890-1897), the action of a toxin and the 
m Jens: efficacy of an antitoxin could be determined only 











2. An antigen or am antlgenoua substance ta one whieh 
Is able to couse the formation of an antibody, 
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by injecting these substances into living animals. 
and the animal experiment naturally continues to 
be the means of testing the curative and prophy- 
lactic values of serums. So long, however, as such 
experiments were performed exclusively in the liv- 
ing animal the nature of the action of antitoxin 
remained to a certain extent in doubt. It re- 
mained uncertain whether antitoxin is protective 
beeduse it actually destroys the toxin, because neu- 
tralization of a chemical nature occurs, or because 
in some manner it increases the resistance of the 
inoculated animal. In Chapter XII experiments 
were cited to show that antitoxin does not destroy 
the toxin, and this is genorally admitted to-day, 
‘There continues to be some difference of opin- 
ion, however, in relation to the two other possibili- 
ties, i. ¢., a8 to whether antitoxin combinca chemi- 
cally with toxin, or is efficacious because of iis 
stimulating power on the tissues of the animal. 
Behring, the discoverer of antitoxin, was from the 
beginning an exponent of the chemical theory, even 
at a time when the conceptions of Ehrlich had not 
been fully developed. On the other hand, certain 
noted investigatora, capecially Roux and Buchner, 
and later Motohnikoff, stood for the alternative 
view. 


Following closely on Behring’s great discovery, 3M 


Phrlich studied the hemagglutinating toxin ricin, 
from the castor-oil bean, and by immunization 
with it produced a specific antitoxin, i. ¢., anti- 
ricin. icin is toxic to erythrocytes both in the 
animal body and in the test-tube, and if it could 
be shown that antiricin protects in the test-tube 
by a direct effect on the toxin, it was highly prob- 
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able that its action in the animal body would be of - 
a similar nature, ‘The results left no doubt in the 
mind of Ehriich that antiricin unit 

het yemreen prema 

in animal experiments became all 

parent when it was ehown that the proportion 
antiricin which protects in vitro also protects im 
vivo. Tt is held that similar proof of chemical union 
between bacterial hemol) the it 


the toxins. If neutralizing proportions of diph- 
theria toxin and antitoxin be mixed in a test-tube 
and injected immediately, the scram does not af- 
ford absolute protection ; if, however, the mixture 
is allowed to stand for from fifteen to twenty min- 
utes before injection, the protection is absolute. 
This alone would point to am action of the anti- 
toxin on the toxin, for the completion of which a 
certain amount of time is required. For the com- 
plete neutralization of tetanus toxin by its snti- 
toxin about forty minutes are necessary at 
temperatures. Then certain other chemical 

ples described in Chapter XIE, are found to bold 
true: That neutralization proceeds more rapidly 
at higher than at lower temperatures, more rapidly 
in concentrated than in dilate solutions, and that 
it takes place in eccordance with the law of mul- 
tiple proportions. 
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Granting, then, that neutralization of toxin by 
antitoxin ig of a chemical nature, the first essential 
step in the chemical or side-chain theory is estab- 
lished. If antitoxin combines chemically with 
toxin, union must occur through combining groups 
which each molecule possesses. Herein lies the ex- 
perimental justification for assuming the existence 
of haptophorous groups. 

‘The situation is more difficult in regard to the 


union of receptors of the second and third orders, Am 


i, ¢, agglutinins and amboceptora with the ho- 
mologous receptors of bacteria and other cella. 
One can not titrate bacteria against agglutinin or 
bactericidal amboceptors 80 exactly as toxin ean be 
titrated against antitoxin, for, in the first place, 
it is difficult to obtain at will a desired concentra- 
tion of bacterin and to keep it without alteration, 
and, in the second place, bacterial cells contain 
many more receptors than are necessary for their 
agglutination and solution. A given mass of bac- 
teria will take up varying quantities of agglutinin, 
depending on the concentration of the latter, and 
the same principle applies to the absorption of 
bactericidal and hemolytic amboceptors. As more 
and more agglutinin is added, the total amount 
absorbed inereases with each addition, although 
the ratio of absorbed to unabsorbed agglutinin 
grows leas continuously. The conditions which 
govern this phenomenon are not understood. 
Perhaps no condition speaks more decisively for 
chemical union of these bodies with cell receptors 
than immunization experiments which were car- 
ried on with cells which had been treated with a 
great excess of the specific antiserum. The as- 
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contain an increased number of precipitin recep 
tors, although the latter are no longer produced to 
such an extent that they are thrown into the cir 
culation. If this condition exists the tissues of 
the animal at this time should be able to absorb a 
larger amount of the foreign serum, given in a sec 
ond injection, and perhaps absorb it more rapidly 
than the tissues of an untreated one vee 
specific itating serum in order to detect 
trecee orth’ rele wera which etill remained in 
the blood of the injected animal, ron Dungern de- 
termined that its tissues actually do absorb the 
plasma more rapidly than do the tissues of the 
untreated rabbit. The cells of the former have a 
greater absorbing power, i. c., a greater binding 
power for the plaama; therefore, an increased 
number of receptors. 

‘These examples are, perhaps, sufficient to illus 
trate the principles of experimentation which hare 
been followed in the attempt to obtain definite 
proof of the correctness of the essential points of 
the theory. The results are in entire accord with 
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the primary assumptions and show that the theory 
continues to servo as an explanatory basis for 
newly-discoyered facts, and as a foundation on 
which new researches may be instituted, 

In addition to the three main principles treated 


of above, the following points are nocosearily in- 


cluded in a summary of the views of Ehrlich, many 
facts of a corroborative nature having been aacer- 
tained in independent laboratories. 

1, The recognition of different types of tissue 
receptors by which peculiarities in the action of the 
different antibodies are explained. Receptors of 
the first order, as antitoxins, anticomplements and 
antiamboceptors, are regarded as relatively simple 
bodies because no other constituent can be recog- 
nized than the haptophorons group by which they 
combine with their homologous substances. Re- 
ceptors of the second order are more complicated 
in that they have something more than the mere 
binding power; usually they are able to produce 
some observable change in the substance with 
which they unite. Hence, each has a toxophorous 
or a zymotoxic group in addition to the hapto- 
phorous, and the two groups are part of the same 
molecule. Toxine, agglutinins, precipitins and 
complements are receptors of the second order. 
Receptors of the third order, i. ¢., the bacterio- 
lytic, hemolytic and cytotoxic amboceptors, are 
atill more complex in that they are, so to say, only 
partial antibodies, the complete body consisting of 
the amboceptor-complement complex. The ambo- 
ceptor is not an active body, but serves as an in- 
termediary body to cannect the active substance, 
complement, with the cell. In the cytolytic proc- 


Other, Im por 
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ess the amboceptor through its eytophilous hapto- 
phore first unites with the cell, and as a reeult 
acquires an increased affinity for complement, 
with which it unites through its complemento- 
philous haptophore. Only after this double union 
is completed may complement affect the cell. 
From this it follows that complement in the eyto- 
lytic process does not combine with the cell di- 
rectly. As previously stated, Bordet and others 
oppose the idea that the absorption of theee bodies 
is of a chernical nature, considering it rather to be 
a physical process. 

Ehrlich has intimated his belief that tise am- 
boceptore play the chief rélo in tho fixation of 
foods by the cells of the body. 

2. The chemical theory explains the epecificity 
which characterizes the formation and action of 
antibodies, Every antigen has a haptophore which 
is different from those of other antigens; conse- 
quently, it unites only with the corresponding cell 
receptor, and the latter when overproduced and 
cast into the circulation retains its specific binding 
power for the corresponding antigen. 

8. The multitude of antibodies which have been 
obtained indicate that the cells contain ao vast 
number of different receptors which correspond to 
the three types now recognized; that is, there is 
different antitoxin receptor for every kind of 
toxin, ete. 

4. Ehrlich has limited the application of the 
term toxin to those substances of animal or plant 
origin, immunization with which causes the forma- 
tion of specific antitoxins, Other characterletics 
have been given in Chapter XJ. 
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5, Receptors of the second order, toxins, agglu- 
tinins, precipitins and complements, undergo a 
peculiar degenerative change, spontaneously or as 
a result of exposure to injurious agents, in which 
the toxophorous or zymotoxie group disappears or 
is rendered inactive. The termination -oid is af- 
fixed to the altered bodies, as toxoid, agglutinoid, 
precipitoid and complemontoid. Wechsberg has 
deseribed a similar degeneration of one of the hap- 
tophores of amboceptors, calling the product ams 
boceptold. Toxoids and complementoids on im- 
munization cause the formation of corresponding 
antitoxins and anticomplements, by virtue of re 
tention of their haptophorous groups. 

6. By means of a special technic devised for 
stndying the neutralization of toxin by antitoxin, 
i.e, the partial saturation method, Ehrlich found 
diphtheria toxin to bo a very complex substance. 
Not all the molecules of the toxin have the same 
affinity for antitoxin, and according to the de- 
grees of their affinity have received the names of 
prototoxin, deuterotoxin and tritotoxin, Simi- 
larly, protoxoids and syntoxoids are molecules of 
toxoid having different affinities for antitoxin. 
‘These conditions are represented graphically by 
means of the “toxin spectrum” described pre- 
viously. 

2. Ehrlich claims that the diphtheria bacillus 
secretes two toxins, one of which causes the acute 
manifestations of diphtheritie intoxication, where- 
ag the second toxin, i. ¢., toxon, has a prolonged 
incubation period and probably causex diphthoritic 
paralysis. Toxon has a lower affinity for diph- 
theria antitoxin than the other constitnents of the 
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toxin solution, but is neutralized by the same anti- 
toxin. This view is strongly opposed by Arrhe- 
nius and Madsen, who, working on the basis that 
the neutralization of toxin takes place according 
to certain laws of physical chemistry, claim that 
toxon is nothing more than toxin which has disso- 
ciated from the toxin-antitoxin molecule. 

8. It is thought that the incubation period 
which characterizes the action of toxins represents 
to a large degree the time required for the action 
of the toxophorous group after the toxin has been 
bound by the cells, 

9, Ehrlich stands for the multiplicity of com- 
plements in opposition to Bordet and others who 
claim the existence of but one complement 
(alexin). ‘The various complements differ in the 
nature of their haptophores, without regard to 
possible differences in their zymotoxie groups. 

10. Only those organs which have suitable ro- 
ceptors may produce an antibody for a given anti- 
gen, i. ¢., only those cells which may enter into 
chemical combination with the antigen, It does 
not follow, however, that only those organs which 
show clinical or anatomic lesions may produce, 
say, an antitoxin; for other organs not so suscep- 
tible to the action of the toxin may still possess 
the suitable receptore and cast them out as anti- 
toxin. 

‘The various types of immunity are explainable 
on the basis of the side-chain theory in the follow- 
ing terms: 

1. Natural immunity to toxins may depend on 
(a) a lack of suitable cell receptors, the toxin con- 
sequently finding no point of attack; (b) a very 
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low affinity between cell receptors and toxin 60 
that the latter does not unite with the cells except 
under special conditions (c. g., the immunity of 
chicken to tetanus); or (c) on the presence of 
natural antitoxins. 

2, Acquired active antitoxic immunity depends 
on the multiplication and excretion of cell reecep- 
tors (antitoxin) into the circulation, the new- 
formed bodies having the power of combining 
chemically with additional toxin which may be in- 
troduced, 

3, Passive antitoxic immunity, as established by 
the injection of an antitoxin, depends on the abil- 
ity of the antitoxin to combine chemically with the 
toxin and thus to divert the latter from the cells. 

4, Natural immunity to bacteria depends on (a) 
a lack of suitable cell receptors with which the 
toxic bacterial constituents might combine; (b) 0 
very low affinity between cell receptors and the 
toxic bacterial constituents; or (c) on the presence 
of natural bacteriolysins (amboceptors and com- 
plements). 

5. Acquired active antibacterial immunity de- 
pends on the multiplication and excretion into the 
circulation of specific cell receptors (amboceptors) 
which have the power of uniting with complement 
to kill the micro-organisms which may be intro- 
duced, 

6, Passive antibacterial immunity, a8 estab- 
lished by the injection of a bacteriolytic serum, 
depends on the ability of the amboceptors con- 
tained in the serum to unite chemically with the 
receptors of the micro-organism, as a result of 
which complement is absorbed to kill and perhaps 
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to dissolve the bacteria. The complement may be 
present in the serum which is injeoted, or the nat- 
ural complement of the individual may be utilized 
hy the amboceptors. 

When one seeks to compare the theory of Ehrlich 
ct with that of Metchnikoff, one finds little more in 

; common than the general purpose of explaining 
the phenomena of immunity. Yet it is remark- 
able that where there is so little in common there 
are 20 few contradictions of an essential nature. 

‘The theory of Ehrlich has that degree of defi- 
niteness which it must have in order to be a plauei~ 
ble chemical theory, whereas that of Metchnikoff 
seems more general in that it is so largely biologic 
and vitalistic, 

Each has a eertain relation to nutrition, Phago- 
eytosis as a nutritional measure is found in lower 
types of animals, and accomplishes nothing further 
than to bring the food substance in contact with 
the digestive ferments contained in the cell, Tn 
relation to nutrition the theory of Ehrlich begins, 
so to say, where the phagocytic theory leaves off, 
involving, as it does, the method by which food 
substances become a part of the protoplasm. 

Moetchnikoff, with Ehrlich, recognizes the vari- 
ous antibodies which have been discovered. The 
former holds that all are produced by the phago- 
cytes without suggesting clearly a method by 
which they may be formed. Bhrlich assumes a 
very precise method by which they may be formed, 
but designates no particular cells as their pro- 
ducers, stating only in a general way that an anti- 
body is produced only by those cella with which the 
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antigen may combine; in some Instances, the leu- 
eocytes may be such cells, 

‘The theory of Metchnikoff is not concerned with 
the strueture of toxins and the various antibodies, 
nor with the method by which toxins may injure 
the cells, whereas Ehrlich presents definite concep- 
tions on these points. 

Both recognize that there is more than one com~ 
plement (eytase), Ehrlich recognizes no limit to 
the varieties which may exist, whereas Metchnikoff 
doseribes but two cytases, microcytase and macro- 
eytase. 

The view which Metchnikoff has expressed, that 
antitoxin is produced by some action of the phago- 
cytes on the toxin, is directly opposed to that of 
Ehrlich which recognizes antitoxin as a product of 
the cell itself. 

They agree that amboceptors (fixators) become 
extracellular in the blood, 

Metehnikof holds that complements (cytases) 
are produced only by the phagocytes and that 
these substances aro found in the plasma or sernm 
only as a result of injury to the phagocytes (phago- 
lysis). ‘These points are not involved essentially 
in the theory of Ehrlich. Certain investigators 
who work in harmony with the side-chain theory, 
as well ng those who represent the views of Metch- 
nikoff, have extracted complement from the leuco- 
cytes. Some of Ehrlich’s supporters believe that 
complement exists normally in the plasma, 

Metohnikoff and Ehrlich hold divergent views 
concerning the action of antitoxins, the former be- 
lieving that antitoxins stimulate the phagocytes to 
an increased absorption and consequent destrac- 








358 INFECTION AND IMMUNITY. 


tion of the toxin, whereas Ehrlich claims that 
antitoxin neutralizes toxin by combining chemi- 
cally with it. 

According to Metchnikoff, all types of immunity 
depend, directly or indirectly, on phagocytic activ. 
ity. While the side-chain theory is not in har- 
mony with such a broad assumption, it carries 
with it no denial of the phenomenon of phagocyto- 
tis nor of its importance in certain infections. 

From these selected considerations it is seen 
that the two theories do not stand to each other in 
the relation of antitheses, and in the light of pres 
ent knowledge it would seem unwarranted to cling 
to one view to the absolute exclusion of the other. 
It does not follow that because demonstrable 
serum properties explain immunity to one disease, 
or to a certain group of diseases, that recovery 
from all diseases must depend on properties of the 
serum; nor because phagocytic activity explains 
recovery in certain instances that recovery from 
all diseases must depend on a similar activity. The 
conditions which exist in each diseage, of course, 
must be recognized independently. It so happens 
that recovery from a certain group of diseases, 
e g., staphylococcus, streptococcus and pneumo- 
eoceus infections, is not accompaniod by the de- 
velopment of conspienons antitoxie or bactericidal 
properties in the serum, but they are characterized 
by a great increase in the number of circulating 
Teucocytes (microphages), cells of known phago- 
eytic and bactericidal power, whereas the opposite 
conditions are found in certain other diseases, e. 
g., typhoid and diphtheria. If one seeks the most 
apparent explanation in each case, the great leuco- 
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eytosis would seem to be of prime importance in 
the first group, and the antitoxic and bactericidal 
power of the serum in the second. 

Investigations from various sources render un- 
questionable the value of phagocytosis in certain 
infections, and of particular significance is the 
work concerning opsonins which was referred to in 
the preceding chapter. From this work it follows 
that even for the phagocytic destruction of bac- 
teria the serum contains properties which are of 
essential importance. This appears of all the more 
importance from the fact that immunization with 
at least some micro-organisms (streptococcus, 
staphylococcus) causes an increase in opsonins or 
bacteriotropic substances. * 

‘The accompanying illustration, with some modi- 
fications, is taken from “Ehrlich’s Seitenketten- 
theorie,” by Ludvig Aschoff. The cell used for 
immunization is assumed to be a cell which wil! 
cause the formation of antitoxin, agglutinin or 
precipitin, and bactericidal amboceptors; the 
diphtheria bacillus is such an organism, consider- 
ing toxin as one of the receptors of the bacillus. 
This means that the bacillus is able to cause the 
overproduction of all three types of receptors. The 
illustration, however, is on the basis of a hypo- 
thetical cell (p. 360). 

A list of immunizing bodies, their anti-bodies, 
and synonyms for complement and amboceptor, 
is also appended (p. 361). 
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List or Iumunizino Bopres an Taere ANTIBODIES. 
Antigens or Products ot 





Immonizing — immuniza- 
substances. tion. 
‘Toxins. Antitoxins. 
Complements Anticomple- 
ments 
Ferments. _—_Antiferments 





Procipitogen- Precipitins 
stances 

Agglutinogen- Agglutinins 
ous sub- 


Opsonins 


Hemolysins 











Cytotoxin pro- Bacteriolysins 
ducing sub- yto- | Consisting of 
stances wo. bodies, 
motoxin | f es 
imotoris } ie, comple 
Hepatotoxin ( mont an 
Neurotoxia, peor. 
Syuertioly: 
nny ete. 
Taqontzarion wit ANTIBoDrEs. 
Precipitins ‘Antlprecipitins Consisting either of anti- 
Agglutinins Antiagal lutioins (1) complements or sntiam- 
Cytotoxins Anticytotoxins boceptors; the latter 
lemolysins, Aat hemolysin, may be an satibods fr for 
ete. the complementophilor 
or for the ¢ eprophilous 
baptophore of the ambo- 
copter. 
Srovyms 
Complement Amboceptor 
Alexin Immunkiry 
Cytase ZwischenkOrper 
Intermediary toa 





Substance sonsibilisatrice 











CHAPTER XXII. 


PRINCIPLES OF SHROTHERAPY. 

In the etrict aense serotherapy means the in- 
jection of antitoxie or antibacterial serums for i 
curative or prophylactic purposes; this is passive 
immunization or direct ecrotherapy, Active im- 
munization, in which the tissues of the individ- 
ual are induced to form antitoxins or antibacterial 
substances ag a result of vaccination or protective 
inoculations, may be considered as indirect sero- 
therapy. We may, therefore, include the latter as 
one of the serotherapeutic measures. 

Bearing in mind the significance of the terms 
active and passive immunization, and the fact 
that they may be used for curative and prophylace 
tic purposes, the various procedures may be classi-« 
fied as follows:* 


I. PROPHYLACTIC INJECTIONS, 

A. Active immunization, in which yaceina- 
tion and protective inoculations are ineluded, as 
with the organisms of typhoid, cholera and plague, 
Depending on the material injected, the result is 
the formation of antitoxins or antimicrobie sub- 
stances (amboceptors) ; agglutinins are formed in- 
cidentally. 

1. Inoculation of virulent organisms. (a) In- 
cculation with emall amounts of a virulent organ- 
ism, i, ¢., of a non-fatal dose; used principally in 
experimental work, (6) Inoculation with virulent 


‘Modified from Deutch and Weletmantel in “Die 
Imptstoffe und Hellsera.” Telpsic, Geo, Thieme, 190%, 
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organisms into 2 tissue which has some natural re- 
sistance. The success of vaccination against small- 
pox by using virus obtained directly from the dis- 
eased, a method which was practiced in earlier 
times, was probably due to the fact that the virus 
found unfavorable conditions for the development 
of virulence in the skin. In some instances im- 
munization is accomplished more successfully by 
inoculation of bacteria or toxins into the Tood 
stream, aa in Kitt’s method of vaccination against 
symptomatic anthrax and in immunization with 
rattlemake venom. 

2, Injection of attenuated virus or toxin. At- 
tennation may be accomplished by air and light 
(chicken-cholera, Pasteur) ; by cultivation at high 
temperatures (anthrax, Pasteur); by chemical 
agents (anthrax, Roux; diphtheria and tetanus 
toxins, Behring and Roux) ; by desiccation (rabies, 
Pasteur); by passing the virus through other 
animals (swine erysipelas, Pasteur). This last 
observation was a most instructive one; passing 
the bacillus through the rabbit several times in- 
creased its virulence for the rabbit but decreaeed it 
for swine, while passing the organism through the 
dove increased its virulence for swine. 

3. Injection of killed organisms (anthrax, Tous- 
saint; swine plague, Salmon and Smith). This 
is the safest means of vaccinating against cholera, 
typhoid and plague. In the Pasteur treatment of 
hydrophobia the first injection of the dried spinal 
cord probably contains the killed virus, 

4. Injection of bacterial constituents (a) Racter- 
ial cell plasm (Buchner’s plasmin, obtained by sub- 
mitting micro-organisms to high pressure, and 
Koch's tubereulin TR); (b) Soluble bacterial 














products of bacterial autolysis). When toxins 
are injected antitoxins are formed. The 
autolytic products of some organisms, ¢. g. 
typhoid and dysentery, cause the formation of bac- 
tericidal amboceptors and agglutinins, but not 
antitoxins. 

B. Passive immunization; the prophylactic in- 
jection of antibacterial and antitoxie serums. 

O, Mixed active and passive immunization: the 
simultaneous injection of an immune serum with 
the corresponding organism, which may be-killed 
or living. The scrum causes immediate, though 
temporary, resistance, and, in the meantime, an 
active, more permanent immunity develops as a 
consequence of the injection of the organ‘ems. 
‘This method has been practiced with swine plague, 
swine erysipelas, rinderpest, and experimentally 
in typhoid, cholera and plague. 


IL CURATIVE INJECTIONS. 


A. Active immunization, 

1. Injection of killed micro-organisms in small 
doses with the intention of hastening antibody for- 
mation, as suggested by Fraenkel in the treatment 
of typhoid fever; value not yet demonstrated, 

B. Passive immunization. 

1. With antitoxic serums: diphtheria, tetanus, 
snake bites, plague, tuberculosis (?), typhoid (?), 
streptococcus infections ( ?), etc. 

2. With antibacterial serums: typhoid, cholera, 
plague, dysentery, streptococcus (?), staphylococ- 
cus (?) and pneumococeus (?) infections. 


AT 
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Tn general, serums to be effective must have a 
certain strength. When diphtheria antitoxin was 
first used preparations were put on the market 
which contained twenty or fewer antitoxin units 
per cubic centimeter, a strength which would 
necessitate the injection of 150 o.c. or more in or- 
der to introduce 3,000 units. Much of the early 
criticism of diphtheria antitoxin is traccable to the 
Jow yalue of the serums used at that time rather 
than to an injurious effect on the patients, If 
diphtheria antitoxin now contains less than 250 
it is considered unfit for use; many 
in 500 or more units per cubic cen- 





Antitoxic and other serums should be free fram 
micro-organisms and toxins. The casea of tetanus 
which developed in St. Louis following the injec- 
tion of diphtheria antitoxin will be remembered. 
With correct governmental supervision of the 
manufacture of serums, such accidents are entirely 
preventable? 

For the sake of simplicity we may consider the 
principles involved in serum therapy under the 
three topics of (a) antitoxine, (6) bactericidal or 
antibacterial serums, and (c) vaccination. 


(A) axtrroxixs, 

It has been sufficiently emphasized that neutral- 
ization of toxin by antitoxin implics a chemical 
union between the two substances. When the two 
are mixed outside the body at a given temperature 
and at a given concentration, the rapidity and com- 
pleteness with which the union occurs depends 
only on the degree of affinity which one has for the 


1, See Chapter Xt (art 11) 
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< 
other. ‘There is no third substance with which one 
or the other may unite. In the body, however, the 
conditions are more complex; in this case two com- 
binations are possible for the toxin, one with the 
antitoxin which has been introduced and a second 
with the tissue cells. Ag an instance of the great 
rapidity with which toxin may unite with cells, 
the work of Heymans with tetanus toxin may be 
cited. “Heymans found that, if all the blood were 
removed from an animal a few minutes after the 
injection of a single fatal dose of tetanus toxin 
and the blood of another animal substituted, still 
the animal died of tetanus” (Ritchie) ; that is to 
say, all the toxin had been bound by the cells in 
that brief time. 
"Other experiments show that quantities of toxin 
. and antitoxin which are neutral when mixed be- 
fore injection are not entirely neutral if injected 
separately and at different points of the body. In 
this instance some of the toxin has had time to 
unite with tissue cells before it could come in con+ 
tact with the antitoxin. 

Certain work by Dénitz illustrates not only the 
rapidity with which toxin may be bound by the 
tissue, but also the method by which antitoxin ef- 
fecte a cure. In relation to tetanus he found that 
if the toxin were injected first and the antitoxin 
four minutes later, a quantity of antitoxin, which q 
was slightly in excess of the neutralizing dose, was 
required to prevent the development of tetanic 
symptoms; if he waited eight minutes, six times 
az much antitoxin; after sixteen minutes, twelve 
times as much; after one hour, twenty-four times 
the simple neutralizing dose was required. A few 
hours later no amount of antitoxin could save the 
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animal, Similar conditions were met in the neu- 
tralization of diphtheria toxin by its antitoxin in 
the body. Madsen, in performing what he called 
“Curative Experiments in the Reagent Glass,” 
found that the longer tetanolysin had been in con- 
tact with erythrocytes, the more antitetanolysin 
‘was required to tear away the toxin from the cor- 
puscles. Practical experience with diphtheria also 
indicates that the longer the disease lasts the more 
antitoxin is required for cure. 

‘The experiments just cited give us a clear con- 
ception as to what is meant by the curative action 
of an antitoxin—an action which consists not of 
the neutralization of the circulating toxin, but of 
the wresting away from the tissue of the toxin 
which has been bound. Incidentally the circulut- 
ing toxin is neutralized, and for this step, which 
is essentially prophylactic in nature, the simple 
equivalent of antitoxin is required. But for the 
wresting of toxin from tissue cells not a mere 
equivalent of antitoxin, but a grent excess, is re- 
quired, as shown by the experiments of Dénitz and 
of Madsen. 

When diphtheria or tetanus has advanced so far ¥ 
that no amount of antitoxin will effect a cure, the 
relation of the toxin to the cells has become somo- 
thing more than mere chemical union. Further 
processes of a biologic or biochemic nature have set 
in in whieh the toxin may have become an integral 
part of the protoplasm, and the toxophorous group 
may have begun its destructive action, whatever 
the nature of this action may be. 

It is important to recognize that antitoxin can 
not repair an injury alrendy done by the toxin 
‘The repair of the injury depends on the recupera- 











tive power of the cells; hence, antitoxin cures by — 
tearing from the cella, perhaps not all, but so much 
of the toxin that less than a fatal dose remains in 
the cell. ‘ 
THe cmver- We may learn from the experiments of Dénits 
etptes. and of Madsen two important principles of anti- 
toxic therapy: First, that of early administration, 
i. @, before a fatal amount of toxin has been 
bound, and, second, the necessity of injecting ruffi= 
cient quantitics of antitoxin. 
‘The comparative study of diphtheria and tet- 
anus has clarified the principles of antitoxie 
therapy to no small degree. Knowing that diph- . 
» theria antitoxin has a much greater curative value 
than tetanus antitoxin, we find some conditions 
which would seem to explain the difference, at 
least in part. 
‘Tetanus. In regard to tetanus we have the following 
facts: In the test-glass the affinity between the 
toxin and antitoxin is rather weak, since approxi- 
mately forty minutes are required for complete 
neutralization (Ehrlich). On the other hand, the 
experiments of Dénitz and of Heymans show that 
the affinity of the toxin for nervous tissue is ex- 
ceedingly strong, all the toxin being taken up 
within a few minutes. These two conditions alone 
suggest the probability of a low curative value on 
the part of the serum. The toxin of tetanus also 
has a remarkable selective action on the most vital 
of all organs, the central nervous system ; hence, a 
lower grade of injury may prove fatal than in 
other infections in which lees important organs or 
those of greater recuperative power are involved 
chiefly. Furthermore, it seems (Meyer and Ran- 
som, Marie and Morax) that the tetanus toxin is 
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taken up by the nerve endings and reaches the 
ganglionic cella by way of the axis cylinders, 
whereas the antitoxin which is injected remains 
chiefly in the blood and lymphatic circulations. 
Hence, the toxin, to a certain extent, is isolated 
and less accessible to the action of the antitoxin. 

Concerning diphtheria, the affinity between 
toxin and antitoxin is relatively strong, for com- 
plete neutralization in the test-glass takes place in 
about fifteen minutes (Ehrlich). On the other 
hand, clinical experience indicates that the affinity 
of diphtheria toxin for tissue cells is less than that 
of tetanus toxin, for diphtheria may readily be 
cured on the second or third day of the disease, 
whereas a cure of tetanus is rarely affected. These 
would seem to be favorable conditions for success- 
ful serum therapy. Although the toxin of diph- 
theria may attack the nervous system, the paraly- 
sis seen in such cases is seldom fatal. On the basis 
of anatomic findings in fatal cases it seems prob- 
able that the greater portion of the toxin is taken 
up by parenchymatous and lymphatic organs, and 
by connective tissues (animal experiments), which 
compared with the nervous tissue are of less imme- 
diate importance for life and have greater recuper- 
ative powers. We may infer from clinical oxperi- 
ence that diphtheria toxin is 50 situated in the 
body that it is accessible to the action of the anti- 
toxin. 


We have, therefore, the following factors 


which apparently are of importance for the suc- 


cess of antitoxic therapy: 1. The concentration 
(strength) of the antitoxin which is injected. 2. 
Its freedom from contamination and adventitious 
toxins. 3. The time of its administration. 4, The 
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quantity injected. 5. The degree of affinity be- 
tween toxin and antitoxin. 6. The degree of affinity 
between toxin and tissue cells. 7, The amount of 
toxin which may be bound without a fatal issue, of 
which the vital importance of the organs involved 
and their recuperative powers are factors, 8. ‘The 
location of the toxin in the body, i. &, its accessi- 
bility for the antitoxin. 
< What has been eaid relates to the curative ac- 
im. tion of antitoxin. It is evident that the action of 
antitoxin, when used as a prophylactic, is of 
simpler nature, for in this instance the conditione 
approximate those of the test-tube experiment. 
‘There has been opportunity for the antitoxin te 
become uniformly distributed in the blood and 
lymphatic circulations; hence, it is able to meet 
and to bind the toxin before the latter comes in 
contact with the receptors of important cells, The 
high value of tetanus antitoxin as a prophylactic, 
a value which has become evident in recent years, 
probably depends on this condition. 

‘The immunity which is afforded by a prophy- 
lnctic injection of antitoxin is of short duration, 
from two to three weeks; the antitoxin ia excreted 
in the urine to a considerable extent, but in part 
may be bound and assimilated by the tissues. 

(8) BACTERICIDAL OR ANTINACTERIAL SERUMS. 

Attention has been directed repeatedly to a 
large group of organisms the toxic constituents of 
which are integrally associated with the proto- 
plasm of the microbes; the toxic substances are 
endotoxins. Certain members of this group, of 
which the typhoid, paratyphoid, colon and dysen- 
tery bacilli and the vibrio of cholera are represent- 
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atives, cause the development of strong bucterici- 
dal serums in the immunized animal. In Chapter 
XVI, A, it waz shown that such gerams have no 
power of neutralizing the endotoxins of the eorre= 
sponding organisms; hence, whatever prophylactic 
and curative properties they may have would seem 
to depend on the bactericidal action of the ambo- 
ceptor-complement complex. As to whether the 
substances which stimulate phagocytosis, i. e., the 
opsonie or bacteriotropic substances are of impor- 
tance for the intra vitam action of bactericidal 
serums, remains to be definitely established. 

It is common knowledge that bactericidal 
serums have not been successful curative agents, 
although in test-glass experiments they may be 
able to kill large numbers of organisms, Experi- 
mental work has brought to light a number of con- 
ditions which render their ineffectiveness some- 
what intelligible, but this knowledge has been of 
little service in increasing their value, and at this 
moment their outlook as curative agents is not very 
emeouraging. 

Animal experiments indicate that, prophylacti- 
cally, they are much more powerful than when 
used as curative agents. Unfortunately, however, 
as in the case of antitoxina, the immunity which is 
conferred is of short duration, the serum being ex- 
creted or the antibodies destroyed within two or 
three weeks. For this reason they are not suited 
for general prophylactic use in man, but they may 
be distinctly useful when combined with vaccina- 
tion, aa indicated later, 

Bactericidal serums are efficient in saving ex- 
periment animals, provided the serym is injected 
im advance of, simultancouely with or very shortly 
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after the bacteria are introduced. By injecting 
the vibrio of cholera and anticholera serum simul- 
taneously one may readily save a guinea-pig from 
ten times the fatal dose, or more. If the culture 
be injected first and the serum later a larger 
amount of eerum is required to eave the animal. 
After a few hours a sufficient amount of serum to 
kill all the vibrios may be injected, yet the ani- 
mal will die from the action of the endotoxins 
which have been liberated. The organisms had 
proliferated to such an extent that the mass, 
though dead, contained a fatal amount of endo- 
toxin. A statement made previously may be re- 
peated, that the administration of a bactericidal 
serum rather than being benefleial may actually be 
injurious, in that it dissolves the micro-organisms 
vapidly, thereby liberating an excessive amount of 
endotoxin, this, perhaps, is not definitely estab- 
lished as a point of practical importance. 

Having determined the amount of a bactericidal 
serum which is able to save a guinea-pig from un 
incipient infection, one may calculate on the basis 
of weight the amount which would be required to 
suve a man under the same conditions; frequently 
it amounts to impossible quantities, hundreds of 
eubie centimeters. The conditions are all the less 
promising when we remember that physicians are 
usually called on to troat well-established rather 
than incipient infections. 

Other conditions which operate against the ef- 


ma fectivencss of bactericidal serums as curative 
" awents have to do with peculia: 





ies of comple 
mente and amboceptors. The lability of comple- 
ment involves certain difficulties. A bactericidal 
serum, as one would purchase it, contains none, 





ANTIBACTERIAL SERUAS. 373 


because of its spontaneous degeneration. Theo- 
retically, this difficulty may be obviated in three 
ways: First, one may use serums which are fresh 
from the immunized animal ; second, one may com- 
plement the olution of amboceptors (old immune 
serum) by the addition of fresh seram from a nor- 
mal animal which is known to contain suitable 
complement; or, third, one may inject the comple- 
ment-free serum and place reliance on the comple- 
ment which exists in the plasma and lymph of the 
patient for activation of the amboceptors. Tt is 
sufficiently established that none of these proce- 
dures enhances the curative value of the serums to 
a satisfactory extent. 

Regardless of the amount of forcign comple- 
ment which is introduced, it appears to be di- 
verted from its function, It has been shown ex- 
perimentally that the tissues may absorb a foreign 
complement, and the mere fact that anticomple- 
ments are formod so readily indicates that comple- 
ment may be bound by the tissues. Tn accordance 
with a rather general principle, if the animal 
which furnishes the serum is remote from man 
zoillogically there is all the more likelihood of the 
complement being fixed by human tissues. 

It has been suggested that if one should choose 
for immunization animals which are closely re- 
lated to man, ag chimpanzees and monkeys, a 
double advantage would be gained: First, the for- 
cign complement may be identical or similar to 
that in man and consequently would be less likely 
fo be absorbed by the tissues; and, second, the 
complementophilous haptophores of the ambocep- 
tors may be so constructed that human comple- 
ment would serve for activation, Theoretically, 
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the conditions would be ideal if immune human 
serum were available for therapeutic purposes. 
If one depends on the complement in the pa- 
i tient’s body for activation of the amt 
there are two possible difficulties of importance: 
First, the native complement of the body is often 
decreased during infections and in some chronic 
diseases and may be too little for thorough activa- 
tion; second, the amboceptors of the immune 
serum may demand for their activation a comple- 
| ment or complements which the body docs not con- 
tain. 
Diversion of complement has been referred to as 
“<9 phenomenon seen in test-tube experiments. In 
this condition an excess of amboceptors in some 
| way decreases the power of the serum; by an ex- 
cess of amboceptors one means, in this instance, 
such a quantity that many are unbound by the 
bacteria. It is supposed that a certain amount of 
the complement is absorbed by free or unbound 
amboceptors, hence the effect is like that of too 
little complement. In the desire to administer a 
sufficient amount of antibodies, so much may be 
introduced that diversion of the complement oc- 
curs in the body. Results obtained by Léffler and 
Able, by Pfeiffer and by Buxton and others, in 
which excessive doses of immune serum were leas 
protective than moderate doses, show that a gimi- 
Jor phenomenon occurs in the body. 
Ingocomstui: _ In certain diseases the microbes are so situated 
ecrobes. that a serum as ordinarily administered may not 
be able to reach them. Pfeiffer thinks that there 
is little hope for the serum treatment of cholera 
because of the exclusive location of the living or- 
ganisms in the intestinal tract. In typhoid also 
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the intestines are a reservoir of typhoid bacilli, 
although the living organisms reach the cireula- 
tion in abundance. 

By way of summary, the following conditions 
appear as factors in the low curative value of bac- 
tericidal sernms: 1. Bactericidal serums are not 
antitoxic. 2 They may liberate an excessive 
amount of endotoxin by dissolving the bacteria, 3, 
‘The lability of exogenous complement. 4. The 
power of the tissues to absorb the complements of 
a foreign serum. 5. The lack of a sufficient 
amount of suitable complement in the human 
body. 6. The difficulty of obtaining amboceptors 
for which human complements are suited. . The 
possibility of diversion of complement by an ex- 
cess of amboceptors. 8, Inacceesibility of the 
micro-organisms in certain infections (cholera, 
typhoid). 

As pointed out elsewhere, another group of or- 
ganisms, the members of which contain cndo- 
toxins, causes the formation neither of antitoxins 
nor of bactericidal serums; streptococcus, staphy- 
lococeus, pneumococeus, etc. Many investigators, 
nevertheless, aro positive in their claims that the 
antiserums for these organisms have a protective 
and even a curative value. The properties on which 
their value depends have not been satisfactorily 
ascertained. Although certain antistreptococcus 
serums are said to be antitoxic, it ix contended by 
others that they act by stimulating phagocytosis. 
Tt has been shown that immunization with these 
organiems causes an increace in tho opaonins. 
Their curative value is very low in experimental 
work and they fail totally if injected a few hours 
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~ subsequent to the introduction of the organisme. 
Clinically, we are familiar with thom as failures. 
It is particularly in relation to the streptococ- 
cus that the so-called polyvalent serums have been 
prepared. Cultures of streptococcus obtained 
from numerous sources are used in the immuniza- 
tion with the expectation that the serum will be 
effective against various strains of streptococci. 
The principle may be an important one in the 
preparation of other antibacterial and bactericidal 
serums. 
(o) VACCINATION. 
We are most familiar with the terms vaccine 
" and vaccination as applied to protective inocula- 
tion against smallpox, They are used, however, 
with equal propriety in all instances in which the 
attenuated or killed virus of a disease is inoculated 
for the purpose of establishing resistance to an 
infection. The process set in motion by vaccina- 
tion is one of active immunization in whieh the 
cells are induced to form specific antibodies over a 
long period; hence, the resistance is more pro- 
tracted than that established by passive immuni- 
zation. 

Certain experimental work, as previously stated, 
indicates that the acquired resistance persists after 
the formation of antibodies has ceased, even after 
the quantity of the latter has sunk to the normal. 
This condition has been explained by assuming 
that, as a consequence of vaccination, the cells of 
the body have been “trained” to produce the cor- 
responding receptors; hence, when the micro-or- 
ganisms gain entrance at a subsequent time new 
antibodies are formed go rapidly and in such abun- 
dance that the incipient infection is overcome. 


il 


NEGATIVE AND POSITIVE PHASES. 3iT 


Tn some instances the nature of the virus used 
ig unknown, as in smallpox and hydrophobia; in 
all probability, however, it consists of micro-or- 

‘isms rather than of toxins alone, In the case 
of typhoid, cholera, plague and other diseases of 
known etiology pure cultures, living or killed, are 
inoculated. Protection does not follow immedi- 
ately on the inoculation. We are sufficiently fa- 
miliar with this fact in relation to smallpox, in 
which several days are required for the formation 
of a protective amount of the antibodies, ‘There 
is reason to believe that the interval between the 
inoculation and the appearance of antibodies is 
characterized by a decreased resistance on the part 
of the individual, so that during this brief period 
he ig unusually susceptible to infection. 

That period immediately following the injec- 
tion of a toxin or microbe, in which the quantity 
of antibodies undergoes a temporary decrease, 
Wright speaks of as the negative phase of the im- 
munization; whereas that period marked by the 
new formation of antibodies is called the positive 
phase. The negative phasc lasts from a day or 
two to several days, depending on the quantity and 
nature of the virus injected (typhoid). A second 
injection should not be given during the negative 
phase, since it causes a further decrease in the 
antibodies and prolongs the phase. Wright speaks 
of this ag a cumulative nogative phase. A cumu- 
lative positive phase, marked by the formation of 
larger amounts of antibodies, may be induced by 
the proper spacing of a number of injections. 

In certain instances the nature of the anti- 
bodies is known. In typhoid, cholera, plague and 
dysentery, for example, they consist of bactericidal 
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amboceptors; agglutinins and precipitins are 
formed incidentally. ‘The amboceptors naturally 
depend on the complement of the body for their 
activation. If the disease is one of unknown etiol- 
ogy the nature of the antibodies ia not easily de- 
termined. We should keep in mind the erin " 
ity that vaccination may cause an increase of the 
opsonins and that the potential phagocytosis may 
thereby become greater 

Tn ease the imeubotlon period of the vaccination 
is shorter than that of the disease (smallpox, hy- 


_ drophobia) vaccination usually is successful even if 


practiced within a limited time after exposure to 
infection. 

Vaccination in individual diseases is considered 
in Part IL. 

‘Theoretically it would be possible to immunize 
man against diphtheria and tetanus by ictelies 
with small amounts of the 
Such a procedure, for obvious reasons, Site be 
unnecessary and unjustifiable, 

It is not unlikely that mixed active and passive 
immunization will be of great service in some in= 
fections. A successful campaign against rinder- 

hag been carried on in the Plleptoes by this 
method. The blood of infected cattle contains the 
virus, which as yet has not been cultivated artifi- 
cially. The serum of cattle which have recovered 
from the disense, or which have been immunized 
cautiously with infected blood, contains the speci- 
fie antibodies. Both the immune serum and viru- 
Jent blood are used for the inoculations. The same 
principle hus been found effective in experimental 
work with cholera, typhoid and plague. Immedi- 
ate immunity is established by the serum, which 
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would eliminate the danger period mentioned 
above, and before the ecrum disappears entirely 
active immunity develops. 

Wright, following his observations on the varia- 
tions in opsonie power of the scrum in different 
infections, concluded that in certain localized 
chronic infections such as chronic suppurative 
procorses, the body as a whole did not respond to 
the infection with the production of antibodies. 
The injection of dead homologous, organisms was 
therefore resorted to in order, in the words of 
Wright: “To exploit in the interests of the in- 
fected tissues, the unexercized immunizing eapac- 
ities of the mninfected tissues.” 

The dosage of the injected vaccine was de- 
termined according to the purpose of using the 
minimum quantity which would result in the 
maximum response of the uninfected tissues with 
the least development of the so-called negative 
phase, In order to regulate the frequency and 
size of the therapeutic inoculations, Wright made 
use of opsonic index ostimatione. 

Vaccines are prepared as follows: 

The desired organism is g 
solid medium as an agar slant or blood serum 
slant for the minimum time required for a good 
growth, usually twenty-four hours. 

Salt solution ix then added to the slant, a few 
cubic centimeters are usually sufficient for an 
ordinary growth (the quantity need not be exact), 
and the culture scraped off into the salt solution 
with a sterile glass rod or platinum loop. The 
tumber of bacteria per cubic centimeter ia then 
estimated by mixing equal volumes of defibrinated 
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blood and bacterial suspension and then diluting 
and smearing on a slide. The dilution should be 
about five times. The method of measuring equal 
small volumes by means of capillary tubes as 
given in Chapter XIX, may be used and a 
Romanowski stain used for stainin; 

Since the number of corpuscles in normal 
human blood is abont 5,000,000, by a comparison 
of the number of bacteria with the number of 
corpuscles the number of bacterin per cubic 
timeter can be readily estimated. By dilution with 
salt solution the required dosage per cubic 
timeter may be obtained. When it is necessary to 
keep the vaccine a small amount of tri-cresol (.2 
per cont.) may be added, 

Recently therapeutic inoculations have been used 
for a.great variety of infections, both acute and 
chronic, and to both local and systemic infections, 

Naturally, the results have also varied within wide 
range. 

In case of chronic localized infections the 
theoretical basis for the use of vaccines stems 
plain. Ae pointed out by Theobald Smith: “The 
effectiveness of vaccines applied in the conrse of 
acute febrile disenses, such as typhoid fever and 
pneumonia must be accounted for by prineiples of 
which experimental medicine has as yet no definite 
knowledge.” heoretically no advantage can be 
expected from adding toxin in an alrendy over. 
intoxicated ense. 

Chis criticism does not apply, of course, to such 
a procedure as {2 suggested by Rosenow, (Soe chap- 
ter on Pneumonia.) 
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APHYLAXIS, 


Attention has already been called to the fact 
that an individual may be more susceptible to 
infections at one time than at another through 
various accidental conditions, as exposure and 
exhaustion, This, however, is not a specific hyper- 
susceptibility and is usually more or less transient. 

In contrast to this accidental condition, stands 
a. specific susceptibility which is now commonly 
known as anaphylaxis. The condition of the in- 
dividual or animal is spoken of by V. Pirquet as 
allergy (Allergie), a word which conveys the idea 
of an altered power of reaction on the part of the 
animal body. 

V. Pirquet’s conception of allergy is best de- 
scribed in his own words, in which he uses vac- 
cination and revaccination as an_ illustration. 
“Vaccinia, with which we can at any time institute 
an infection, is just as much an infectious disease 
as is variola, of which it represents an attenuated 
form. Let us inoculate one person who was 
vaccinated two years previously and who, accord- 
ing to the customary view, is immune, with a 
drop of lymph. Then inoculate another who has 
not gone through this process and attend it 
closely. Now will the immune person show ab- 
solutely nothing? On the contrary, when we re- 
turn after 24 hours, we find in the one who 
received his first inoculation (the normal person), 
a small crust showing no reaction, while in the 
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immune there ie a normal emall, raised, inflam: 
matory, itching, hyperemic area, 

“Ts the one previously inoculated, therefore, 
hypersusceptible? If we wait a few days the 
picture changes: The papule becomes brownish 
and smaller, while in the case of the fins vaccim 
tion, a vesicle forms under the crust, which in- 
crenses more and more, becomes surrounded by a 
wide zone, and leads to » pustule, Now we must 
conclude that the one receiving his first inoeu- 
lation is the more susceptible, since he has fever, 
pain, and a marked local inflammation, while in 
the immune person signs of infection have long 
xince disappeared. 

“As it appears to me both individuals have 
reacted: The one earlier, the other later; one 
with a papule, the other with a pustule. In one 
the reaction was hardly noticeable, in the other 
pronounced. Through the previous inoculation 
no immunity in the sense of ineusceptibility has 
developed, but it ie only the ability to react which 
has changed, and this in point of time, quality, 
and quantity.” 

The condition then appears to be a paradoxical 
one, in that we have a certain degree of hyper- 
susceptibility in a person who is really immune 
and his immunity may depend to a greater or 
Joss degree on his ability to react quickly to the 
presence of the infections agent before the Jatter 
has time to proliferate extensively. 

Portier and Richet, in 1902, observed a peculiar 
behavior on the part of a poison found in certain 
actinia, 
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‘The poison was invariably fatal for doge when 
given as a first injection in doses of 0.8 gm. per 
kilogram of animal weight, but was rarely fatal 
in doses of under 0.2 gm. per kilogram. Death 
usually occurred in from four to nine days. When 
‘a second dose, however, wax given to an animal 
Which had recovered from the first injection, 
death supervened in, a short time, usually within 
two and three-quarters hours, The firet injection 
evidently modified the resistance of the animal in 
some way so that it became more susceptible to 
the poison than it was in the first instance. Tt 
was to this modified state of the animal's resist- 
ance that Richet applicd the name “anaphylaxis,” 
which stands in contrast to a condition of pro- 
phylaxis, 

In 1903, Arthus observed that, when rabbits 
had received several injections of horse serum at 
intervals of several days, the serum ceased to be 
wbeorbed as at first and that there resulied local 
necrosis and often sloughing with subsequent ulcer 
formation, 

In 1904, Theobald Smith told Ehrlich of a 
phenomenon which he had observed while testing 
the potency of diphtheria antitoxin on guinea. 
pigs. Animals which had received injections of 
antitoxic horse serum and Inter were injected with 
a small quantity of normal horse serum became 
acutely ill or died, 

In the following year, 1905, appeared the ar- 
ticles of Otto, Rosenau and Anderson, and of y. 
Pirquet and Schick. Since these articles an 
tnormous amount of work has been done to cor- 
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relate the phenomena of anaphylaxis with other 
processes of immunity, 

Like other processes of immunity anaphylaxis 
may be classified as natural and acquired; and, 
again, acquired anaphylaxis may be active, in 
which the process results from a reaction on the 
part of the tissue cells, or may be passive—result- 
ing from the introduction of ready-made sub- 
stances into the body. 

Tt has been long known that, as noted by 

Horwitz, Schofield, Doerr, and others, certain in- 
dividuals are unusually affected by the ingestion 
of eggs, craba, flesh, pork, ete. The symptoms 
are variable, but there is often nausea, fever, colic, 
and exanthemata, It is of course to be questioned 
ag to whether euch hypereusceptibility is really 
natural or acquired by early sensitization, Scho- 
field reports such a case of hypersusceptibility to 
egg which disappeared after repeated increasing 
doses of egg tnken in pills, using minute amounts 
to begin with. Such hypersuseeptibility has heen 
long known under the name idiosyncracy. The 
idiosyncracies to proteins, however, should be dis- 
tinguished from those in which known chemical 
substances, such as mercury or salicylic acid, are 
concerned. 
Active anaphylaxis has been studied in a variety 
of mammals and fowls, and substances which 
correspond to thoso concerned in immunization 
have been demonstrated. 

It will be well to take up these various fuetors, 
and after a discussion of their nature, it will be 
easier to understand the theories concerning the 
mechanism of their action. 
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‘The sensitizing agent in anaphylaxis hay re- Amttgen. 


ceived the name of anaphylactogen, or sensibili- 
sinogen, and may be defined as any substance 
which, when taken into the body, produces a 
specific hyporsusceptibility, usually after an-incu- 
bation poriod of at least from five to seven days. 

‘The substances which have been demonstrated 
to act us unapbylactogens are proteins or are in- 
separably connected with proteins, ‘That anaphy- 
Inctogens are closely related, or, as Fricdberger, 
Doerr, and others think, identical with those 
bodies which produce complement deviation, anti- 
bodies, and precipitins, is shown by the fact that 
the same substances produce all three phenomena. 
‘Thus, as with precipitinogens we have an anaphy- 
axis speciflo for species and for tiseues. ‘The 
same tissues which are specific for precipitin for- 
mation, crytalline lens, spermatozoa, and placenta, 
also give & specific anaphylaxis, while those tiseues 
auch as kidney, liver, ete., which produce only 
species specific precipiting produce species specific 
anaphylaxis. As an exception to this rule, it may 
be mentioned that Wells does not find that iodized 
albumin produces anaphylaxis specific for iodized 
albumins rather than species specific reactions, as 
was found for precipitins by Obermayer and Pick. 

One of the first questions which arose concern- 
ing Theobald Smith's phenomenon was that of the 
relation of the anaphylnetogen to the diphtheria 
toxin and antitoxin. In this case, the employment 
of normal horse serum readily showed that an- 
aphylaxis was independent of the diphtheria bacil- 
Ins derivatives and antitoxin present in the serum 
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Somowhat more difficult is the question rogard- 
ing the primary toxicity of such substances as are 
contained in ec! serum, various phytalbumins and 
bacteria. Tt has beon shown by Doerr and Rau- 
bitschek that by heating or by acidifying eel serum 
it is possible to remove tho primary toxicity with- 
out taking away the property of producing anaphy- 
laxis. In a similar way it has been shown by 
Rovenan and Anderson, Vaughan, and others, that 
bacterial proteins free from toxic action can pro- 
duce anaphylaxis. Tt has also been shown that 
whereas in primarily toxic serum the larger the 
doco the greater the toxicity, in anaphylaxis eonai- 
tization smaller doses sensitize more readily than 
large ones. 

That hypersusceptibility to true toxins does oc- 
eur, however, hae been demonstrated in the ease of 
diphtheria toxin and tetanus toxin. The phe- 
nomena here, however, are distinct from anaphy- 
laxis in the fact that the incubation period is 
absent, that the symptoms come on graduully after 
the second dose, and lastly, that after a certain 
length of time which corresponds to tho incuba- 
tion time of anaphylaxis, immunity or decrease in 
susceptibility, occurs in contrast to anaphylaxis. 
Wo must conclude, thon, that toxicity and sensi- 
tizing properties are distinct from each other. 

The anaphylactogen comes into consideration in 
the primary or sensitizing dose and in the second- 
ary or toxic dose. Many experiments have been 
carried out to determine whether or not the sen- 
sitizing and toxic action are dependent on the 
game substance or similar qualities of the same 
substance. It was found, for instance, that in the 
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case of egg albumin one twenty millionth of a 
fram sufficed for sensitization (Wella), and about 
‘one thousand times that amount was required for 
a toxic dose. It was also found that by heating 
to 90° or 100° ©, it became much more difficult 
to cause intoxication in sensitized animals than 
to sensitize them, Besredka concluded from these 
experiments that sensitizing and toxie subetancea 
were distinct from each other. Vaughan and 
Wheeler by digestion with hot absolute alcohol and 
sodium hydrate obtained a separation of albumin 
into two parts, one of which showed a marked 
sensitizing property and but little toxicity (alcohol 
insoluble portion); the other portion (alcohol 
soluble), a more highly toxic action, They con- 
cluded that toxic and sensitizing substances were 
present in the same molecule and that by their 
process a splitting of the molecule into toxie and 
sensitizing groups was obtained, 

The work of Vaughan and Wheeler way done 
on whole egg white and other crude proteins. 

Wollz, working with pure crystallized albumin, 
obtained toxic and sensitizing action in this way 
in quantities smaller than those represented by 
Vaughan’s minimum sensitizing and toxic split 
products. It seems possible, therefore, that by the 
process of Vaughan and Wheeler amounts of pro- 
tein too small to produce toxic effects, but capable 
of sensitizing, escaped splitting through alcohol 
precipitation while the alcohol soluble portion con- 
sisted of toxic split products. ‘The action of heat 
may be due to the fact that both toxic and sensi- 
tizing substances are equally influenced, but that 
the apparent effect is greater on toxicity because 
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for intoxication larger amounts are necessary than 
* for sensitization. 

Wells-has also shown that toxicity and sensi- 

uzing properties deerease equally by tryptic diges- 
+ tion, and that both disappear with the Leia 
ance of heat coagulable proteins. According to 
‘Wells, the importance of the action of beat is due 
to the coagulation of protein, thus rendering it 
capable of being taken up and digested by the 
Teacocytes. Casein and other proteins which do 
not coagulate on boiling suffer no change through 
beat until a temperature which destroys the pro- 
tein molecule is reached. 

That toxic and sensitizing substances may be 
closely related to the aromatic groups of the pro- 
tein molecule is suggested by the fact that gelatin 
which is devoid of tyrosin and contains little of 
other aromatic groups does not produce the phe- 
nomena of anaphylaxis (Wells). 

Anaphrtactic By the injection of serum of consitized animals 
" it is possible to produce = passive sensitization, 
_ analogous to passive immunity, and in this way 

to demonstrate the presence of an anaphylactic 
antibody. This antibody has received the name of 
“gnaphylactin” (Rosenan and Anderson), or “al- 
lergin” (Anderson and Frost). It is possible to 
produce passive anaphylaxis in various animale, 
but, as in active anaphylaxis, the guinea-pig is 
best adapted to the purpose. Transmission of 
anaphylaxis from ope species to another is ako 
possible. From rabbit to guinea-pig anaphylaxis 
ig readily transmitted. 

‘The necessary interval of time elapsing between 
the injection of tho seram containing anapbylaetic 
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antibody and the actual sensitization of the animal 
varies with the different methode of injection. In 
ease of intraperitoneal injection this fime is about 
twenty-four hours; in intravenous injections it is 
about one and one-half hours, 

Different means of measuring the sensitizing 
strength of antiserums have been suggested. Doerr 
and Russ injected decreasing quantities of the 
sorum into gninen-pigs and then by injecting 
twenty-four hours later an intoxicating quantity 
of antigen into each of theze pigs, the amount of 
antikoram necessary to produce sensitization was 
found, A second method is to inject a definite 
quantity of anticerum into each of a series of pigs 
and thon twenty-four hours later to inject decreas- 
ing quantities of antigen to find the smallest 
amount necessary to cause acute death. Doerr 
and Russ suggest as a unit of anaphylaxis anti- 
sorum or of anaphylactin such a seram ag will in 
a dose of 1 c.c. intraperitoneally sensitize a 250 
gm. guinea-pig ro that acute death may be pro: 
duced in twenty-four hours by injecting a sufficient 
quantity of antigen. 

The close connection between anaphylactogen 





and precipitinogen bas already been alluded to. & 


In a similar way, anaphylactin and precipitin are 
to closely allied that Friedberger, Doerr, and 
others consider them identical, As objections to 
this view it is pointed out that animale which do 
not readily produce precipitins, such as guinea- 
pigs and dogs, are most susceptible to sensitization ; 
and sccondly, that in the state of antianaphylaxis, 
to be decribed later, precipitins may be present, 
but apparently the anaphylactin is exhausted 
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The anaphylactic antibody is thermostabile as 
are precipitins and agglutinins, That is, it resists 
a temperature of 56° C, for one-half hour, 

Michaolis and Fleischmann observed that dur- 
ing and after anaphylactic shock the serum of the 
animal became poor in complement.  Slecswijk 
found that following the second antigen injection, 
complement began to disappear after five minutes, 
and this disappearance became marked in thirty 
minutes. In eases in which death took place 
quickly and complement disappearance was not 
yet far advanced a further dizappearance could be 
found by allowing the serum to stand for a while 
in the test tube. 

That the disappearance of complement is in 
itself not responsible for the anaphylactic shock 
is shown in two ways: first, the injection of com- 
plement before or after the second antigen inj 
tion docs not prevent shock, and secondly in most 
rapidly fatal shock, death takes place before com- 
plement, has disappeared to any extent. Friedber- 
ger and Harioch have also shown that injection of 
complement-binding salt solution inhibits ana- 
phylactic symptoms, when it is injected before the 
second injection of antigen (sce Chapter on Com- 
plement Deviation), 

In order to study further the relation of com- 














* plement to anaphylaxis, Friedemann sensitized 


rabbits to ox-blood corpuscles and then added 
inactivated serum from these rabbits to ox erythro- 
cytes in the test-tube. He found that when com- 
plement was added to such a mixture, it became 
toxic and capable of producing anaphylactic eymp- 
tome. By preventing complement binding, by 
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complementoid, etc., the formation of toxin waa 
prevented. Friedberger was able in a similar way 
to produce substances which caused symptoms of 
anaphylaxis, by treating precipitinogens from 
various sources with precipitins in the presence 
of complement. He therefore supposes that this 
toxie substance, which he calls anaphylatoxin, is 
derived from the precipitate caused by precipitin 
acting on precipitinogen, and that it is the specific 
causo of intoxication in anaphyla As there 
exists a difference of opinion as to the identity of 
anaphylactin, so there exist various theories as to 
the formation of anaphylatoxin, 

Richet supposed that anaphylactic antibody and 
antigen combined to form the poisonous substance 
which he called “apotoxin.” Wolff-Eisner, Weich- 
hardt, Friedemann and others consider anaphyl- 
actin to be of the nature of a lytic ambeceptor, 
and that, by the action of complement through 
this amboceptor, a splitting of anaphylactogen 
into toxic substances takes place. Vaughan and 
Wheeler, with others, consider that in sensitiza- 
tion we have to do with the development of spe- 
cifie proteolytic ferments which split the antigen 
into toxic groups similar in nature to their toxic 
products obtained by hydrolysis with alcohol and 
sodium hydrate. ‘This view is eupported by the 
fact that Bicdl and Krona have produced symp- 
toms of anaphylaxis by injection of split: products 
of protein (Witte’s peptone) in dogs. The pro- 
Avetion of increased protein splitting power of the 
serum after injection of foreign proteins as 
demonstrated by Abderhalden also supports the 
enzyme theory. According to these views, various 
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anaphylatoxins are of similar character 
formed through the action of substances 
are of specific nature. 
‘The symptoms of anaphylaxis vary with 
ent animals, It is in the guinea-pig that 
constant results are obtained. §; 
at different intervals of tim x the second 
injection, with different proteina, With animal 
proteins, they appear in about fifteen minutes 
after intraperitoneal injection. The symptoms 
| usually appear gomewhat later with vegetable pro- 


















teins. ‘The animal becomes reetlost, there is a 
tendency to seratch, the hair stands on end, and ' 
















difficulty in breathing comes on. Paralysis of the 

hind legs is common with animal proteins but is 

less common in plant proteins. The respiration 
becomes spasmodic, the animal’ is unable to stand, 
convulsive movements occur, and death follows 
rapidly when a fatal dose is given. When a non- 
lethal dose is given symptoms may be delayed for 
an hour, Death commonly occurs in fatal cases 
inside of an hour and often in leve than half an 
hour. In intravenous and intracardiac injections, 
the symptoms follow much more rapidly than in 
intraperitoneal injections. In subcutaneous injee- 
tions, the symptoms occur long after injection and 
are inconstant and much less severe than with 
other ways of absorption, Fatal results are much 
more difficult, to produce in subeutaneous injec- 
tiona, 

‘The blood pressure is raised and lowering doox 
not take place until shortly before death, A very 
important symptom is that described by Pfeiffer, 
who observed a constant sudden drop in tempera- 
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ture, This symptom is considered of great ding- 
nostic value when the drop amounts to 2° or 3° 0. 
and other experimental conditions are constant, 

In dogs, the symptoms vary greatly from those 
in guinea-pigs, Here a characteristic fall in blood 
presente is found. Vomiting, involuntary urina- 
tion and defecation, paralysis and narcosis are 
conimon symptoms. 

‘Tho respiratory mechanism of shock in guinca- 
pigs, according to Auer and Lewis, is that of a 
spasmodic contraction of the unstriped muscle of 
the bronchioles resulting in obstruction of the 
Jumen, acute emphysema and death from asphyxi- 
ation. 


Section of the vagi does not influence this pul- 
monary phenomena, indicating that the effect is 
a peripheral one. Schullz hns shown that the 
unstriped muscle fiber of a sensitized guinea-pig 
contracts more vigorously when specific serum is 
applied directly to it than when other serum is 
used, Atropin, which acts on the nerve endings, 
cauees an inhibition of eymptoms. Marked con- 
gestion of the abdominal blood vessels is a com- 
mon finding at autopsy. Various hypnotic and 
narcotic drugs have been described as inhibiting 
anaphylactic symptoms, but the effect seems 
mainly due to a masking of symptoms. 

A sensitized animal which has recovered from a 
non-lethal toxic dose of protein is refractory to 
the action of a later dose. The condition of such 
an animal is known as antianaphylaxis, and it 
has been demonstrated by failure to produce pas- 
sive anaphylaxis by using the aerum of an animal 
in a state of antianaphylaxis, that the condition 
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is due to an exhaustion of anaphylactic antibody, 
In animale which have been actively eenzitized, 
the period is a transient one, followed | by a return 
of hypersnusceptibility due to continued production 
of antibodies, In pnssively sensitized animals, ng 
there is no further source of antibodies, the result 
depends on the amount of antigen injected. If, 
for instance, the animal is insufficiently sensitive 
to allow of death from a large toxic dose, the anti- 
gen remaining will produce an active sensitization. 
If the antigen is just enough to neutralize the 
anaphylactin, the animal will then be, as before, 
Tf the second dose is too small to 
neutralize the anaphylactin, that which remains 
will be capable of producing further reactions. In 
animals immunized to proteins and which have a 
high concentration of antibodies in the blood, so 
that passive anaphylaxis may be transmitted to a 
second animal by tho use of a small quantity of 
serum of the immune animal, a state of antinna- 
phyloxia may be produced by injections of amounta 
of antigen too small to produce a fatal result, 
To this case, we have an animal which is antiana- 
phylactic although possessing a serum containing 
a high concentration of anaphylactin, Friedberger 
supposes that in this ease the receptors af the cells 
are occupied by anaphylactic antibody which is 
not reached by the injected antigen, this being 
neutralized by tho circulating anaphylnctin, 

‘The relation of the tuberculin reaction to 
. phylaxis (see Tuberculosis) has been the subject 
of much discussion. 

Yamanouchi succeeded in producing anaphyl- 
actic symptoms in guinea-pigs by sensitizing them 
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with serum from tuberculous patients and then, 
twenty-four hours later, injecting tuberculin or 
tubercle bacillus emulsion. Bail passively sensi- 
tized guinea-pigs by the injection of tuberculous 
tissues and in this way obtained anaphylactic 
symptoms by injecting tuberculin after twenty- 
four hours. Helmholtz produced passive sensiti- 
zation against cutaneous reaction by the injection 
of serum from tuberculous guinea-pigs into flor- 
mal guinea-pigs so that after twenty-four hours, 
they gnve positive v, Pirquet test. 

In contrast to the results of Yamanouchi and 
Bail, othor investigators have succoeded in passive 
sonsitization of guinea-pigs by injection of serum 
from tuberculous animals either only occasionally 
or not at all, Production of anaphylaxie by active 
sensitization with tuberculin is possible only after 
repeated large doses, It would seem, therefore, 
that a3 in the case of other bacteria, typhoid, dye- 
vte., the anaphylaxis is against the proteins 
uberele bacillus rather than the toxin pro- 
by it. 

‘The untoward symptoms following the injec 
tion of curative serums has been the subject of 
study by many investigators, particularly ¥. Pir- 
quet and Schick, Rosenau and Anderson, and 
Weave 

The reaction following a primary injection of 
serum appears after a period of time varying from 
a few minutes to veveral weeks, There may be 
slight redness and itching at the inoculation site, 
and swelling of the adjacent lymph glands, The 
prominent symptoms aro fever, skin eruptions, 
edema and joint pains. Sti 
fenkopenia have been noted 
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severity with 
ne ee ae it 
‘ences in the serum are the most important 
‘The reaction following a second 
quet and Schick divide into (a) 
appearing after a few hours, or (b 
Serine after for dare caer ‘ 
toms are similar to thom following a primary 
injection but are more likely to be severe and may 
be accompanied by vomiting, convulsions, collapse 
and, rarely, death, 
The abnormal reactions following a second 
injection are more likely to appear when the 
patient has had a reaction after the primary injec~ 
tion; secondly, when large amount of eerum have 
been given in the primary injection; and 
with a history of asthma (especially in asthma in 
which the attacks are brought on by proximity to 
horses) or hay fever. 

It has been suggested that, im cases necessitating 
second injections of antitoxin, a small amount, 
1 cc, Or less, be given a a teat dose to be followed 
by the necessary therapeutic dose twenty-four 
hours later. 

It is important to be sure that the antitoxin is 
not injected into the vein because of the fact that 
anaphylactic symptoms are produced as much 
more readily by intravenous injections. This can 
be avoided by preliminary aspiration just before 
injection to gee that blood does not enter the 
syringe. 

Rovenau and Anderson have demonstrated the 
presence of anaphylactin in the blood of men who 
have been injected with antitoxic horse serum. 
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It has been suggested that by passive sensitiza- 
tion of guinea-pigs with patient’s serum, we can 
ascertain whether or not there is any danger in 
second injections of serum. 

It has also been suggested that a cutaneous test, 
similar to a v. Pirquet tuberculin test, be made 
with horse serum to find out whether or not hyper- 
susceptibility to horse serum be present. 
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CHAPTER XXIy, 





Although a consistent classification of the infoc~ 
tious diseases, on the basis of immunity, & is i = 
sible at the present time, a certain is 
sirable for the sake of convenience. ey fol 
arrangement of those discases we are able to con- 
sider is made on basis which is partly etiologic, 
partly with reference to the pathogenic properties 
of the micro-organisms, and partly to the nature 
of the reactions excited in the body by infection or 
immunization. In some instances nothing more 
than general analogies suggest themselves ag a 
basis for the grouping, which is necessarily provi- 
sional and imperfect. 

GROUP 4. 

Diseases, natural or experimental, which are 
caused by soluble toxins of bacterial, animal or 
plant origin. Infection or immunization induces 
immunity to subsequent attacks (except in hay fe- 
ver), the immunity being characterized by the 
formation of serum antitoxins, and occasionally of 
bacteriolysing and agglutinins. The scrums of 
highly immunized animals are protective and eur- 
ative for the corresponding intoxications in man 
and other animals. 

A. BACTEIIAL DISEASES. 
1, DIPHTHERIA, 


Bacillus diphtheria, or the Kleba-Loeffier bacil- 
Tus, was discovered by Klebs in 1883, and more 
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fully described by Loefiler in 1884. It answers all 
Koch’s laws in its relationship to the disease of 
diphtheria. 1t is a non-motile, rod-shaped organ- 
ism having about the length of the tubercle bacil- 
lus, but twice its thiekness. One end commonly 
presents a flask-like enlargement. It stains by 
Gram’s method, with the ordinary anilin dyes, ana 
with thie special stain of Neisser shows a peculiar 
granulation, the granules of Babes-Ernst. It is 
readily cultivated, especially on solid media which 
contain serum and in various bouillons. It tends 
to grow in coherent masses and under the micro- 
scope the cells often show a characteristic phalanx- 
like arrangement, 

‘The diphtheria bacillus is ap obligate parasite 
having no vegetative existence outside of the body, 
is very resistant to desivcation and may remain 
virulent in a dried state for fram one to five 
months. Its life in water varics from a few days 
to several weeks, having its shortest existence in 
distilled water and its longest in hydrant water 
which hag been boiled. It dieappeara more quickly 
from unboiled hydrant water. It is very suscepti- 
ble to ordinary antiseptics, being killed in a few 
minutes by corrosive sublimate even in a dilution 
of 1 to 10,000, 

The sources of infection may be enumerated aa 
follows: 1. From the false membranes, sputum 
or excretions of the mouth, pharynx, nose, con- 
junctiva and deeper respiratory passages of in- 
fected individuals, 2. From convalescents and 
those who have fully recovered, even after serum 
treatment. Virulent organisms may persist in the 
pharynx or nose of conyalescenta for weeks and 
months, as in one of Prip’s cases in which they 
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were found twenty-two months after +B. 
From toe uppet Li pamger @bihesl eee 

who may never have had ahaha, Hak PRT 
been in direct or indirect contact with the dis- 


cent. of the individuals who had been in direct 
contact with patients, and he states that 0.83) per 
cent. of the people at large carry with them viru- 
lent organisms. This condition may well account 


represented by chronic pharyngeal diphtheria and 
chronic rhinitis fibrinosa. 

Hence, infection takes place chiefly by direct 
contact, but frequently alzo by indirect contact. 
‘Transmission by kissing or by other means of inti- 
mate contact, by using infected cups or toys, ie 
well recognized, “Droplet infection,” i. e, from 
infected globules of mucus or saliva which the pa- 
tient emits when speaking or coughing, may occur, 
but perhaps is not of great significance. The same 
probably is trae of “dust infection,” although, as 
stated, the organism may remain liring and yiru- 
lent in a dried state for a long time. The disease 
is rarely transmitted from animals to man, al- 
though such transmiesion may occur from the cat, 
which occasionally suffers from true diphtheria. 
Ly diphtheria of fowls is due to another organ- 
ism. 

‘The upper air passages, more rarely the conjunc- 
tiva, wounds and the vulva, are recognized as in- 
fection atria, 

Pathorenesis The local and general phenomena of diphtheria 
aro caused by the soluble toxin which the organ- 
jam secretes. Although the toxin is not absorbed 
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through, nor does it injure the unbroken skin, it 
produces necrosis of the mucous surfaces and un- 
derlying tissue at the site of infection. ‘Through 
the wounded surface fibrin-forming elements e3- 
cape, as a consequence of which successive layers 
of fibrin are deposited and the fibrin, together with 
the necrotic surface, leucocytes and associated 
micro-organisms constitute the membrane which 
80 often marks the discase clinically. The local 
process is similar in diphtheria of cutaneous 
wounds. The toxin becomes generalized by absorp- 
tion through the lymphatic circulation, 

Characteristically the bacilli are confined to the 
site of infection. Although diphtheritic bacterie- 
mia rarely oceurs, the bacilli have been found oc- 
easionally in the blood and viscera of fatal cases, 

‘The clinical and anatomic conditions lead us to 
believe that the parenchymatous organs, the lym- 
phatic tissues and the cells of the nervous system 
contain receptors with which the toxin unites, in- 
asmuch as these tissues suffer demonstrable injury 
during the disease. When the toxin is injected 
subcutaneously into animals, localized edema and 
necrosis oceur; hence, the connective tissues may 
also take up a portion of the toxin, diverting it, 20 
to say, from the more vital organs. 

Mixed infections render diphtheria a more dan- 
gerous disease, According to Baumgarten, the 
streptococous is associated with the diphtheria ba- 
cillus in most cases of diphtheria. The observa- 
tion of Roux and Yersin that the streptococcus in- 
creases the virulence of the diphtheria bacillus 
both in the teat-tube and in animal experiments 
may explain to some degree the severity of the dis 
ease when accompanied by streptococcus infection. 
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Aside from the local influence of the streptococcus, 
however, a general invasion by this 

occur, with such consequences as acute 

or lobular pneumonia, and in this condition the 
diphtheritic infection may fall into the back- 
ground in importance (septic diphtheria). Post- 
diphtheritie suppurations commonly are caused by 
the pyogenic cocci, but sometimes in 

with the diphtheria bacillus itself. Rarely the 
bacillus is found in pure culture in lobular pneu- 
monia, a condition which Flexner and Andereon 
produced experimentally in animals In puer= 
peral infections with the streptococcus a. puerperal 
diphtheria is sometimes superimposed. 

Very young children resist diphtheritie infec~ 
tion. A certain degree of immunity may be trans- 
mitted by the mother. Observations on animals 
show that when the blood and milk of the mother 
contain antitoxin, the offspring acquires some pro- 
tection, which, however, may disappear after the 
cessation of nursing. Polano claims that anti- 
toxin passes from the mother to the child through 
the placenta. From the second to the seventh or 
eighth year children usually are very susceptible, 
‘This susceptibility is not uniform, however, for 
many children escape infection, whereas others, 
under the eame conditions, contract the disease, 
Following this period susceptibility decreases and 
after the fifteenth year the disease is relatively 
rare. 

The cause of the immunity which develops in 
the absence of a preceding infection has not been 
sufficiently investigated. In some cases consid- 
erable amounts of antitoxin are found in the 
serum, perhaps enough to account for the immun- 
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ity. The prolonged presence of bacilli of low 
virulence in the nose or pharynx, or mild attacks 
of the disease which have not been recognized, 
may eauee the development of antitoxin. As 
stated in an earlier chapter, the lose of suitable 
receptors may be a factor in this type of acquired 
immunity. 

Hypertrophic tonsils and chronic pharyngitis 
appear to be predigposing causes in children, 

Spontaneous recovery (active immunity) is due 
to the formation of the specific antitoxin by 
the tissues of the patient. We may regard the 
relationship of the leucocytes to diphtheritie in- 
fection ns not definitely settled. Although lenco- 
cytosis is a fairly constant occurrence and may go 
as high ag 25,000 to 30,000 to the cubic milli- 
meter, it is difficult to dissociate that due to the 
diphtheritic infection from that caused by a mixed 
infection with the streptococcus. Both polynu- 
clears and mononuclears are increased, the latter 
being especially marked in children (Ewing). 
The opzonin content of the serum in diphtheria is 
below normal at the onset of the disease, As the 
symptoms subside and the membrane disappears, 
the opsonic index rises considerably, returning tw 
normal in from two to nine days, 

Injection of dend diphtheria bacilli in suitable 
numbers into rabbits is followed by a rise in the 
opeonic index. Injection of dead diphtheria bacilli 
may prove of service in ridding the throate of 
bacillus-carriers of bacilli (Tunnicliff). 

Recent experiments have substantiated the ideas 
of Behring that bacteriolysins are of little impor 
tanco in immunity in diphtheria, 
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‘The duration of active immunity to diphtheria 
varies greatly. Usually an individual hag diph- 
theria but once, yet not infrequently those are en- 
countered who guffer from repeated attacke, In 
some instanees the susceptibility continues into 
adult life, 

The advent of serotherapy justifies no relaxa~ 
tion in the customary prophylactic measures, such 
as isolation of the diseased, quarantine and disin- 
fection. A patient should not be considered harm- 
Jess until his mouth, pharynx and nose are free 
from bacilli, a condition which may be brought 
about by antiseptic applications, and for the de- 
termination of which repeated bacteriologic exam- 
inations are necessary. The danger that others 
who have been in contact with the patient may 
earry the infection should be met by appropriate 
treatment. It is not to be forgotten that anti- 
toxin does not destroy the organisms. ‘The injec- 
tion of antitoxin is our most effective measure for 
individual prophylaxis, 

Experimentally, it is possible to vaccinate 
against diphtheria by the inoculation of dead diph- 
theria bacilli, or extracts of agar cultures (Lip- 
stein, also Bandi and Gagnoni), but the conditions 
hardly warrant the use of this method for pro- 
tecting man, Extracts of the organisms may be 
mixed with antitoxin and injected for protection. 
This is the so-called serovaccination, 

The efficacy of diphtheria antitoxin is so well 
known that little comment is needed. It has 
eaused a reduction of more than 50 per cent. in 
the mortality of the disease; from 41 per cent. to 
8 or 9 per cent., according to Baginsky. 
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For prophylaxis from 500 to 1,000 unite are 
generally recommended, although some foreign 
authorities give only 250 units. Rarely, individ- 
uals who have received such treatment develop 
diphtheria within twenty-four hours after the in- 
jection. In these cases it is probable that infec- 
tion has already occurred and symptoms appear 
before the antitoxin is thoroughly distributed. 
Naturally one may contract diphtheria after the 
antitoxin is eliminated. 

For curative purposes the amount actually re- 
quired depends on the virulence of the infection 
and the duration of the disease. Inasmuch as the 
virulenee may not be known accurately, what ap- 
pears to be an excess of antitoxin is always de- 
manded. Waving in mind the average dose of 
3,000 units recommonded by the recent edition of 
the United States Pharmacopeia, the physician 
must be guided by the conditions in the individ- 
nal ease, Tess than 2,000 units are rarely indi- 
eated, and as many ux 10,000 and 14,000 units 
may be given without detriment to the patient. 
There should be no hesitation about repeating a 
dose within twenty-four hours in the absence of 
distinct improvement. 

Ransom and Knorr state that if the untitoxin 
is given intravenously, which may be done without 
danger, the action of the serum is about eight 
hours earlier than when given subcutaneously. In 
‘severe and in late cases it is advisuble to use this 
method of introduction, the serum first being 
warmed to the temperature of the body. Tt should 
be remembered, however, that the dangers of ana- 
phylactic symptoms are much increased by intra- 
yenous injection, 
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It is probable that few casca are so mild or 20 
hopeless, unless moribund, that the omission of 
antitoxin is justifiable. 

‘The belief that antitoxin ees ar 
of diphtheritic paralysis is no longer 
there has been en actual increase in the percentage 
of cases which euffer from paralysis, a8 eometimes 
stated, it is because a larger number of severe 
cages is saved; and the eevere ain sence 
in which the patients most frequen’ lop 
paralysis, If we accept the view of Whrlich that 
@ special toxin of weak affinity for the anti- 
toxin, i. ¢., the toxon, causes the paralysis, we find 
all the more justification for large doses of 
antitoxin, for antitoxin neutralizes the toxon as 
well as the toxin. On the basis of experi- 
mental work Ransom concludes: “'vansferring 
the results (of experiments) to practice among 
human beings, we may expect liberal dosex of 
antitoxin given carly in the illnese to influence 
favorably the subsequent paralysis; and this fa- 
vorable influence is likely to manifest itself, not 0 
much in the local paralyses (soft palate, ete.), as 
in such fatal symptoms as failure of the heart, 
Severe cases, however, are likely to be followed by 
some paralysis in spite of even large doses of anti- 
toxin.” 

Casea in which there is severe mixed infection, 
septic diphtheria, respond less favorably to anti- 
toxic therapy than uncomplicated cases. At some 
time a mixed serum therapy suited to the mixed 
infection may be possible. 

‘The suggestion made by Wasserman of a com- 
bined treatment with bactericidal and antitoxic 
serums has not been applied practically. 
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Tnasmuch az the serum of the patient does not 
develop agglutinins, the agglutination test is oo 
no value for the recognition of the disense. If ani- 
mals are immunized with the bacillus, agglutinins 
are said to be formed. The serum of such an ani- 
mal may be used for the identification of a culture 
made from the throat, but this would have no 
practical value, for the diagnosis may be estab- 
lished by the ordinary bacteriologic methods much 
more quickly and satisfactorily. It is difficult to 
obtain a homogeneous suspension of the bacillus 
for the agglutination test. 

Microscopically and culturally the bacillus of 
diphtheria can be distinguished with difficulty 
from a variety of other organisms which belong to 
the same group, and which are called pseudodiph- 
theria bacilli. ‘The latter are frequently found in 
diphtheritic throats, but occur also in the upper 
air passages and conjunctiva in the absence of all 
lesions. On the whole, they are non-pathogenic, 
but occasionally a culture is found which causes a 
subeutaneous infiltration at the point of injection 
in an experimental animal. Hamilton cultivated 
one which was distinctly virulent for animals. Their 
pathogenicity, however, is altogether different 
from that of the diphtheria bacillus inasmuch as 
diphtheria antitoxin does not protect against them 
nor do animals which are immunized with pseudo- 
diphtheria bacilli become immune to the toxin of 
diphtheria, The Bacillus zerosis, which is thought 
by some to be the cause of xerosis conjunctive, 
but which is also found under normal conditions, 
is a pscudodiphthoria bacillus. The animal experi- 
‘ment is the only positive means of difforentiating 
the true from the pseudodiphtheria bacilli. Some 
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consider them as diphtheria bacilli which have lost 
their virulence. 

The presence of these organisms may complicate 
the diagnosis of diphtheria in some cases, but 
there is little danger of serious error. If one 
found organisms resembling the bacillus of diph- 
theria in a membranous sore throat which was ac 
companied by severe symptoms, thore could be no 
wavering in the decision to-use antitoxin. 


1, TETANUS. 

In 1884 Carle and Rattone demonstrated the 
infectiousness of tetanus by inoculating the pus~ 
from an infected wound into rabbits; 11 of the 12 
inoculated rabbits died of tetanus, In 1885 the 
bacillus was discovered by Nicolaier, and Kitasato 
cultivated it artificially in 1889. 

‘The organism is rather long and slender (2 to 


4 microns long, 0.3 to 0.5 broad), possesses 


sm. flagella and haa a small amount of motility. 4 


Havicat. 


stains readily with the ordinary anilin dyes 
Gram’s method. In young cultures isolated cells 
and threads predominate, but after a few 
spore formation begins; eventually all the adult 
cells degencrate and the culture consists entirely 
of spores, The spores have a larger diameter than 
the bacillus, are situated at one end of the cell and 
give the latter the characteristic “drumstick” 
form. ‘The organism is a strict anatrobe and is 
obtained in pure culture with some difficulty. 
Morphologically it is difficult to distinguish from 
the bacilli of malignant edema and symptomatic 
anthrax. 

Few organisme are distributed more widely and 
generously than the bacillus of tetanus, It is most 
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abundant in street dirt and in tilled ground which 
has been fertilized with manure, Nicolaier found 
it in twelve out of eighteen samples of earth. It 
is less abundant in timber Jand. Such a distribu- 
tion is easily accounted for, since the bacillus 
seems normally to be an inhabitant of the intesti- 
nal tract of the horse, cow and sheep, and is often 
found in that of man and other animals. It oc 
cura on dirty clothing and readily gains access to 
dwellings with dust in which it may be blown and 
carried aboul. Tetanus frequently develops in 

- gunshot wounds in which dirty clothing is carried 
into the tissue, and several instances of house 
tetanus have been noted in which a number of in- 
dividuals in the same dwelling have contracted the 
disease following injury. Particular localities may 
be heavily infected. In certain tropical districts a 
large percentage of new-born infants dic of tetanus 
neonatorum, and puerperal tetanus has prevailed 
alarmingly in Bombay. It has been suggested 
that the custom of bleaching the linen on the 
ground may be responsible for the prevalence of 
the disease in these localities, but from the fact 
that it has decreased under aseptic practices the 
general lack of surgical precautions is probably of 
greater importance. Tetanus has resulted from 
the injection of impure gelatin for hemostatic 
purposes, The bacillus has boon found in soa 
water. 

‘The ability of the bacillus to proliferate outside 
the animal body has not been determined. Some 
observers hold that it exists as a vegetative organ- 
ism only in the intestinal tract of animals, but the 

ibility of proliferation in soil is by no means 
excluded, particularly since it ig 80 often found in 





the rarity of the disease is remarkable, In expla- 
nation of this fact investigations have shown that 
the arganism is not a vigorous parasite, that it 
demands special conditions for its development in 
the tissues. According to Vaillard and Rouget, 
the spores when washed free of toxin do not cause 
tetanus, but rather are taken up and festroyed by 
Teucocytes. 

‘The bacillus, furthermore, is a strict anatrobe, 
demanding for its development » wound from 
which the airis largely excluded. It is well known 
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that penetrating wounds in which infected ma- 
terial is carried beneath the fasciw, as the rusty 
nail wounds, also those accompanied by deep lac- 
erations, as wounds inflicted with blank cartridges, 
or those in which dirt and micro-organisms have 
been ground into the tissues, as in cruehing inju- 
ries, are prone to be followed by tetanus. Under 
such conditions the bacillus lies deeply imbedded 
in the tissues and remote from the air, 

Of equal importance is the presence of foreign 
matter and particularly of other micro-organisms. 
Relatively superficial wounds in which there is 
laceration of the tissue with consequent necrosis, 
as in wounds by toy pistols, even the paper-cap 
pistol, are well adapted for the development of 
tetanus if the germs were on the slin at the time 
of injury. Necrotic tissue favors the proliferation 
of the tetanus bacilli in two wave. Tn the firt 
place it seals up the wound to a certain extent, 
and thus provides the requisite anatrobie condi- 
tion; in the second place it would seem to prevent 
phagocytosis of the bacilli in some obseure way. 
Tt hax been suggested that the strong, chemotactic 
relation which exists between necrotic material 
and leucocytes causes the latter to take up the dead 
tissue rather than the baci!li. That innocent for- 
eign material may favor the development of teta- 
anus in the presence of the microbes was shown by 
Vaillard and Rouget: tetanus would develop in 
the presence of an artificially produced hematoma 
or a subeutancous fracture while in the absence of 
such predisposing factors the bacilli were taken up 
by phagocytes. 

Saprophytic organigms and the pus-producing 
cocet which are usually found in wounds contami- 
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nated with earth appear to favor the development 
of tetanus. This may be explained to some extent 
by their ability to increase the virulence of the 
totanus bacillus, a condition which iz noted in eal- 


cytes in phagocytosis and prevent ingestion of the 
tetanus bacilli. As aérobie organisms they may 
facilitate development of the bacilli by consuming 
local oxygen. 

Our great harvest of tetanus following Fourth 
of-July injurics is closely associated in the first 
place with the warm, dry season in which the 
bacilli are more readily disseminated with dust, 
and in the second place with the nature of the 
wound and mixed infections, as described above. 

Occasionally tetanus follows the ii 
wounds, which may have healed entirely before 
symptoms develop. In “idiopathi 





lows exposure to cold, the infection atria are un- 
known. In the latter instance a latent infection, 
whien is stirred into activity by the reduetion of 
resistance which often follows exposure, may be 
present; avirulent tetanus bacilli (?) were eulti- 
vated from the lungs of one such patient, 'The ac- 
cagional occurrence of tetanus following diphthe- 
ria and typhoid suggests that infection may take 
place through wounds of mucous surfaces. Neither 
the bacillus nor its toxins penetrate the unbroken 
skin or mucous. membranez,. and the alimentary 
tract is further protected by the ability of the gas- 
tric and pancreatic juices to digest the toxin. 

The incubation period varies from two or three 
days to several weeks. In the statistics of Rose 20 
per cent. of the cases showed symptoms in the first 
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week, 45 per cent. in the second, and about 30 per 
cent. in the third or fourth weeks. The shorter 
‘the ineubation period the more fatal the disease. 
In the statistics cited the mortality with short in- 
cubation was 91 per cent,; when the incubation 
period was moderate it was 81.8 per cent., and 
when prolonged, 52.9 per cent. The nearer the 
infection atrium is to the central nervous system 
the shorter is the incubation period; “head teta~ 
nus” develope quickly. 

‘The pathogenic properties of the tetanus bacil- 
{us reside in its soluble toxins, of which two, teta- 

in and tetanolysin, are known. ‘The char- 
acteristic nervous phenomena of the infection de- 
pend on the action of the former, whereas the lat- 
ter, a hemolytic toxin, is of minor importance. As 
in diphtheria, a systemic distribution of the bacilli 
is not necessary for the development of the dis- 
ease, the toxin being produced by the organisms in 
the wound, whence it is carried to the nervous 
tismue by way of the lymphatics. Particularly in 
mixed infections tetanus bacilli may be carried to 
neighboring lymphatic glands and eventually 
reach the cireulation; pure cultures have been ob- 
tained from the heart’s blood in experimental 
work. The blood, on account of its content in 
oxygen, is thought to be unfavorable for the 
growth of the organism. 

Just before death the toxin has beem demon- 
strated in the blood of man by injecting some of 
the serum into mice. Its excretion in the urine is 
questionable, Tetanus produces no characteristic 
anitomie changes, although degenerative lesions 
in the ganglionic cells occur, Death usually occurs 
from asphyxia caused by contractions of the dia 
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|, or muscles of the glottis, or from car 
Gane Tn some instances the blood has 
found more or less Inked because of the action of 
the tetanolysin. Pa 

Tetanus toxin (tetanospasmin) a very 
strong affinity for the Serra tases ot Eee 
animals. This may be demonstrated in test-tube 
experiments in which the toxin is mixed with an 
emulsion of the nervous tissue; the nervous tissue 
neutralizes the toxin more or lesa completely, as 
determined by subsequent inoculations of the mix- 
ture (Wassermann’s experiment). It is held by 
certain authorities that the toxin attacks only the 
nervous tissue in man; in some of the lower ani- 
mals, however, various organs, especially the liver, 
have au affinity for the toxin, 

‘The method by which tetanus toxin reaches the 
central nervous system has been the subject of 
much speculation and experimentation. Recent 
observations by Marie and Morax and by Ransom 
and Meyer show with a great degree of probabil- 
ity that it is absorbed by the end organs of the 
motor nerves and from there passes to the 
lionie cells through the axis cylinders. This ab- 
sorption takes place very quickly; when the toxin 
is given intravenously it disappears from the blood 
in the course of minutes. It has been found in the 
nerves within an hour and a half after subeutane- 
ous injection, Its further transmission centrally 
oceupics more time and, indeed, the investigators 
mentioned explain tho rather long incubation 
period of the disease on the basis of the time re- 
quired for this transmission. ‘The brief incuba- 
tion period in “head tetanus,” accordingly, would 
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depend on the short distance the toxin is obliged 
to travel to reach the ganglionic cells. 

Although the toxin appears not to be taken up 
by the sensory nerves, a painful form of the dis- 
ease, tetanus dolorosa (Meyer), may be pro- 
duced experimentally by injecting the toxin into 
the posterior roots of the spinal nerves. Roux 
caused “cerebral tetanus” by introducing the toxin 
into the cerebral tissue; the condition is charac- 
terized by absence of contractures. “Local teta- 
nus,” in which the muscles in the vicinity of infec- 
tion or inoculation are involved in contractures, is 
the first symptom of tetanus in experiment ani- 
mals; it rarely occurs in man except in head teta- 
nus. The phenomenon depends on the fact that 
the toxin, being transmitted through the motor 
nerves, reaches first the ganglionic cells which cor- 
respond to the infected area. 

According to Metchnikoff, the only natural im- 
munity which man possesses to tetanus is leuco- 
cytic and this may be sullicient to protect under 
favorable conditions, The observations of Vaillard 
and Rouget (cited above) support this claim. Sus- 
ceptibility depends not only on the presence of 
suitable receptors in the nervous tissue, but also 
on the degree of affinity which exists between 
these receptors and the toxin. In man and some 
animals this affinity is very great, whereas in fowls 
it is weak and an enormous amount of toxin is re- 
quired to cause tetanus. A further proof of this 
weak affinity in non-susceptible animals rests in 
the fact that the toxin when injected into the blood 
remains unabsorbed for a long time, whereas in 
susceptible animale it disappears very quickly, Ac- 
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quired immunity depends on the presence of anti- 


toxin in the circulation. 


Tetanus antitoxin is a thorough 
Sans nti = ae eee 


cent years that there can be little excuse for ignor- 
ance on the part of any physician. At the same 
time, the returns from the “Fourth” show that the 
principlo is not yet deeply imbedded in the medical 
mind. It is quite certain that a large 

of theee fatalities could be prevented by two injec- 
tions of antitetanie serum, one at the time of in- 
jury and 4 second from five to cight days later. 
An epidemic of puerperal tetanus in an obstetric 
ward in Prague was checked by prophylactic injer 
tions of the antitoxin. In a certain scction of 
France 4,000 horses, with injuries commonly fol- 
lowed by tetanus, received antitoxin and none de- 
veloped the disease, 

No dogree of efficacy on the part of the anti- 
toxin, however, justifies disregard of the surgical 
care which the wound demands. From the facts 
cited it is clear that thorough and frequent disin- 
fection of the wound, free drainage, the removal 
of all foreign and necrotic material, and the ac- 
cess of nir are measures of eminent importance, 
Punctured wounds should be opened up. Anti- 
toxin, preferably as a powder, may be used in the 
wound, and the serum infiltrated into the adjacent 
tissue, 

The principles which apparently underly the ill 
success of the antitoxin as a curative agent were 
treated of in Chapter XXII, Part 11. Its adminis- 
tration as carly os possible after eymptoms have 
appeared is demanded. After symptoms have ex- 
isted for more than thirty hours Behring main- 
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tains that there is no hope of cure by the subcuta- 
neous route. Inasmuch as forty hours or more are 
required for complete absorption from the subcuta- 
neous tissue, intravascular injection of at least the 
first dose would seem to be indicated, Yet by. 
neither of these methods is the most essential end 
accomplished, for the antitoxin does not reach the 
nerves nor can it be recognized in the cerebrospinal 
fluid in conspicuous quantities. The most that 
such injections accomplish is the neutralization of 
the circulating toxin, that which is not yet on its 
way to the central nervous system through the mo- 
tor nerves, It is, of course, important to neutral- 
ize the circulating toxin and it must be done quick- 
ly, for in the course of a few hours the fatal quan- 
tity of toxin may have been absorbed ; “a dose of 
antitoxin which would aye in the morning may 
be without effect in the evening” 
At the same time it is of greater immediate im- 
to neutralize that which has already en- 
tered the peripheral nerves, and if possible to tear 
away some of the toxin already bound by the gang- 
lionic cells. ‘To acomplish this object, or to at- 
tempt it, special procedures aro demanded. We 
may then consider the antitoxic treatment as fol- 
lows: 
First: ‘The neutralization of the toxin which 
has alrendy been absorbed by the peripheral nerves 
and gpinal cord at a point as near the vital centers 
as possible. This involves surgical exposure of the 
large nerves of the part as near the trunk ag possi- 
ble and their infiltration with antitoxin (Ransom 
and Meyer), and in desperate casea the infiltra- 
tion of the antitoxin in the spinal cord in the 
ficinity of the medullary centers. From five to 
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fifteen minims may be injected into the nerve 
tronks ot o sitting, and the operation may be xe 
pented on subsequent days; the needle should be 
partially withdrawn and reinserted in different di 
rections during the injection. Rogers recommends 
tying loos ligatures around the nerves after 
operation so that they may be readily drat 
-and identified for further injections. In 
reach the medulla the intracerebral 
Roux or that of Rogers may be ul 

has devised a technic for the int 
tions, Anterior to the pari 

to one side of the median line the is 
pared, and a hole drilled through the skin 
skull, having its direction toward the foramen 
magnum. By means of a long needle, the ventri- 
cle is | penetrated and the serum, after injection, 
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tebrm, punctures the cord deeply, and injects from 
20 to 30 minims at a sitting. Although there is 
danger of intraspinal hemorrhage in the proce- 
dure, no ill effects were noted. It has been recom- 
mended algo that the cerebrospinal fluid be with- 
drawn by means of lumbar puncture and substi- 
tuted by antitoxin. Some physicians who have 
used this method report favorable results. 

Second: he neutralization of all toxin which 
ig not yet bound by the nervous tissue or absorbed 
by the motor nerves, This demands the infiltra- 
tion of the wound and surrounding tissue with the 
antitoxin, and injection of 2 sufficient amount of 
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bacillus, p 
soluble toxin capable of causing the en 
tom-complex of the disease.’ The organism 
sesses flagellx:, has limited motility, grows 
lew media, and in contrast to most 

prefors a relatively low 

Gees C.). It ts probably on account of 
physiologic activity at such temperatures that it 
is able to produce its toxin in meats which have 
boen kept in a cool place. Tt is found in decom 
posed ham and various sausages (Leberwurst and 
Blutwurst), and probably gains access to the meat 
after the animal bas been killed. Von Ermen- 
gem investigated two hams from the same animal 
‘One was under anatrobic conditions being covered 
with brine, while the other was to air; 
only the former was toxic. The organisms may be 
absent from the superficial portion of the meat, 
but abundant in the deep portion. The spores are 
relatively susceptible to heat, being destroyed by 
a temperature of 80° ©. for one hour. Aside from 
its occurrence in meat, nothing is known of the life 

history of the bacillus. 
Toxin, The disease is caused by the toxin which has al- 
ready been produced in the meat and not by the 

pathogen! SP nay Be pa i entortiate 
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activity of the organism after it has reached the 
alimentary tract (v. Ermengem). If an extract 
of the meat is made with water and the bacteria 
removed from the latter by filtration, the fluid 
shows characteristic toxicity for animals. This 
experiment may be used for determining the pres- 
ence of botulism toxin in suepected meat. The 
guinea-pig is the most susceptible animal. 

According to v. Ermengem, the bacillus does not 
proliferate in the body, nor does it produce toxin 
vigorously at body temperature; hence, he consid- 
crs it to be a strict saprophyte—a pathogenic sap- 
rophyte. 

The toxin is taken up by the circulation from 
the alimentary tract and is not destroyed by the 
gastric und pancreatic juices, differing in this re~ 
spect from the toxins of diphtheria and tetanus, 
It is prepared artificially by growing the organiam 


anagrobically in suitable bouillon and subsequently + 


sterilizing the fluid by filtration. Like the other 
soluble bacterial toxins, it is susceptible to the ac- 
tion of air and light, and is destroyed by a tem- 
perature of from 60 to 70° C, 

‘That the toxin has a special affinity for the nerv- 
‘ous tissues is evident from the symptoms of the 
disease; histologically, the ganglionic cells ahow 
degeneration in fatal cases. Further evidence of a 
strong affinity between the toxin and nervous tissue 
lies in the ability of the latter to noutralize the 
toxin in the test-glass. The toxin, however, ap- 
penrs not to be co sclective in its action on the 
nervous tissue as the toxin of tetanus, for in bot- 
ulism degencrations of the glandular organg, and 
of the vascular endothelium with consequent hem- 
orrhages are characteristic anatomic findings, 
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‘Man appears to be rary suephe 6 Ca nba 
tion, whereas dogs, rate, and cats are 
mune. ‘The toxin is pathogenic by Wee 
intravascular injection. 

According to v, Ermengem, the bacilli when in- 
oculated subcutaneously do not proliferate, but are 
taken up by the phagocytes immediately or after 
they have been carried to other organs. Animals 
which have recovered from infection or which have 
been immunized acquire rather atrong immunity 
to subsequent inoculations, the immunity being 
antitoxic, 

‘The prophylactic measures consist in the avoid- 
~ ance of poorly preserved and improperly cooked 

meats, especially sausages. Botulism would scem 

to be very rare in this country where raw meats 
are not used extensively. 

‘The antitoxin (Kempner) has proved of some 
value in animal experiments, but its commercial 
preparation has not been warranted on account of 
the rarity of the disease. 





IV. BACILLUS PYOCYANBUS. 

Vor a long time it was thought that the “bacillus 
of blue pus” was of no importance ag an infectious 
agent for man, although its pathogenicity for ani- 
mals had been recognized experimentally. Tt ix 
found with some frequency in the blood and or- 
ga of man at autopsy, when death has resulted 
rom some other infection or chronic disease, and 
in such inatances it is supposed that a so-called 
“ggonal invasion” by the organism has occurred. 
During recent years, however, several cases of pri- 
mary pyocyaneus septicemia have been observed, 
the bacillus having been obtained from the blood 
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in pure cultures during life or from the blood and 
organs shortly after death. It has been found as 
the sole organism in meningitis and vegetative en- 
docarditis. Some of the cases indicate, however, 
that a previous lowering of resistance, aa that 
caused by tuberculosis and syphilis, is important 
for general invasion by the bacillus. It has been 
found several times in suppurative processes in the 
middle ear, and would seem to be either the cause 
or a strong adjuvant in some cases of severe enter- 
itis, especially in childern. In systemic infec- 
tions, the symptoms are typhoidal in character, 
with high temperaturo, diarrliea and a tendency 
to the formation of hemorrhages in the skin and 
internal organs. 

The Bacillus pyocyaneus is widely distributed 
and that it causes so few infections is probably due 
to its low pathogenic power, It is an organism of 
manifold activities. It produces a substance, pyo- 
cyanin, which, when exposed to the air, assumes a 
bluish tint, and on which the color of the pus de- 
pends; pyocyanin is soluble in chloroform, from 
which it may be precipitated in crystalline form, 
Under proper conditions the organism also forms 
@ fluorescent pigment. It produces a strong pep- 
tonizing ferment, coagulates milk, and in old 
cultures an autolytic ferment is found which di- 
gests many of the bacilli. As stated in a previous 
chapter, Emmerich and Léwe have identified a 
bacteriolytic ferment, pyocyanase, which dissolves 
the anthrax bacillus and other organisms. The 
ferment nature of this substance is in some doubt, 
inasmuch as it resists the boiling temperature. 
Dietrich thinks its action is due to the production 
of oamotic changes. Old cultures contain a homo- 
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the onganism secretes a 
which it is possible to obtain 
possesses, furthermore, an endot 
‘an antitoxin can not be obtained. 

The soluble toxin of Bacillus 
produced in large amounts. It 
other aoluble toxins in its resistanes 
standing a temperature of 100° C. for 
utes, It produces the symptoms which 
acteristic of infection with the living organism, 
the principal anatomic changes being 
tous degencrations and ecchymoses, the latter eup- 
posedly being due to degenerative changes in the 
endothelium of the vessels. 
\titoxte ana By immunizing with cultures grown on 
wastevleldat an ggur surface’ serum which is, bactericidal 
and opsonic is obtained. On the other hand, 
if an older toxin-containing bouillon culture be 
used, the serum ix opsonie, bactericidal and 
antitoxic. The seram which is bactericidal and 
opsonic has no power of neutralizing the toxin. 
‘The toxin solution contains not only the true 
toxin, but also quantities of endotoxin which 
were liberated as tho dead bacilli were dissolved. 
Inasmuch as the antitoxin neutralizes only the 
trne toxin, leaving the endotoxin unbound, the 
toxicity of the filtrate cannot be destroyed entirely 
by antitoxin, a condition which is brought out 
clearly when the attempt is made to neutral- 
ize a multiple of the simple fatal dose by the 
corresponding amount of antitoxin, In such mul- 
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tiples a fatal amount of endotoxin is prosont, 
Although a strong antitoxin may be obtained, it 
would appear to be of little practical importance 
because of the rarity of infections by tho bacillus, 

Tnfection in man has caused the formation of 
agglutinin in several instances, but it has been 
absent in others. An agglutinating seram is read- 
ily produced by artificial immunization. 


¥. OTHER SOLUBLE BACTERIAL TOXINS, 


Soluble toxins, of perhaps secondary impor- 
tance, which are produced by the staphylococcus 
and streptococcus, will be considered in the sections 
dealing with these organisms. It seems probable 
that they do not represent the essential toxic 
agents of the cocci, but rather that the toxicity of 
the latter depends chiefly on the action of endo- 
toxins. 


B. INTOXICATION BY SOLUDLE PLANT TOXINS. 
1. MAT FEVER, 


Dunbar separated from the pollen of various 
grains a toxin which is able to precipitate typical 
attacks of hay fever in those who are susceptible, 
having first demonstrated that the crude pollens 
cause the disease, The pollen from the following 
aro said to contain the toxin: Ryo, barley, wheat, 
maize (corn), dog's tail, couch-grass, millet, rice 
and some others. ‘The so-called autumn-catarrh 
which is common in America may be due to a 
slightly different toxin coming from the golden- 
rod, rag-weed, and perhaps other autumnal flower- 
ing grains. 

The toxin usually is associated with certain 
starch-like granules which are contained in the 
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pollen, but it occurs also im pollens which do not 
contain these granules. It may be extracted with 
water or salt solution, is precipitated by alcohol, 
resists the boiling temperature, and is of an al- 
buminous nature, 

When the crude pollen reaches the conjunctiva, 
nasal or bronchial mucous membranes of 
tible individuals, the toxin is dissolved ont by the 
secretions and absorbed by the lymphaties, When 
applied to the conjunctiva it causes swelling, red- 
nos and Jachrymation. [t ig carried by the tears 
to the nore and here causes excessive secretion, 
swelling of the mucous membrane and sneezing, 
Tt may become distributed systemically as o result 
of absorption from the free surfaces and canse the 
asthmatic attacks and general symptoms which are 
seen in the intoxication. When injected subenta- 
neously into the arm both the asthmatic attacks 
and coryzlike symptoms were produced, 

Dunbar’s antitoxie serum (pollantin) is ob- 


. tnined by immunizing horses with the toxin. Tt 


seems to be of undoubted value in a certain per- 
centage of cases, but fails unaccountably at times. 
It is, perhaps, most effective when used im the 
prodromal stage, the attacks being thereby pre- 
vented, Its failure in certain instances may be 
due in part to the inefficacy of the antitoxin 
against the toxins of certain pollens. Again, in 
certain individuals the affinity of the toxin for 
the tissues may be unusually great eo that a more 
vigorous use of the remedy is demanded. 

Liibbart and Prausnitz published statistics of 
285 cases, of which 65 were autumnal. In ordi- 
nary hay-fever the serum gave positive results in 
5Y per cent., partially positive in 32 per cent. and 
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negative results in 11 per cent. of the cases. In 
autumnal catarrh, 70 per cent. were positive, 19 
per cent. partially positive, and 11 per cent. nega- 


ive, 

‘The small bottles of antitoxin are accompanied 
by a pipette with which from one to several drops 
may be instilled into the eye or the nose. 

‘The serum does not cure permanently and one 
who is susceptible should carry a vial for imme- 
diate use during the hay-fever season. Repeated 
use of this serum has been observed to result in 
eensitization of the patient to horse serum, Dun- 
bar recommends in these enses that a very dilute 
solution be used. 

Tnbalatione of increasing amounts of pollen, 
beginning with very minute quantities, has also 
been tried with the idea of active immunization. 

Tt is probable that further study of hay fever 
as a phenomenon of anaphylaxis will result in the 
explanation of points concerning the disease which 
fre not yet clear. 


Il, OTHER PLANT TOXINS, 

Ricin, from the seeds of Ricinus communis; 
abrin, from Abrus precatorius; crotin from the 
seeds of Croton tiglium ; and robin, from the leaves 
and bark of the locust tree (Rohinia pseudoacacia) 
aro chiefly of experimental interest. They are 
similar in their action, are very toxic to animals, 
producing both local and general changes with 
fatal termination when given in sufficient doses; 
they have pronounced agglutinating tetion on the 
erythrocytes of most animals, and in some in- 
stances are slightly hemolytic. By guarded im- 
munization antitoxine may be obtained for them. 





the dried plants, 


© INTOXICATION BY SOLURLE ANIMAL TOXINS. 
I. TOSONING DY SNARE SITES 


The poisan apparatus of snakes consists of 
a secretory gland on each side which communi- 
cates with a tubular fang by means of a duct In 
the passive state the fangs are di backward 
on the roof of the mouth, but when the animal 
strikes their points are made to project forward 
and the poison is forced through the canals by 
muscular compression of the sac. The vonom is 
a glandular sccretion. The colubridinw, 
which is the American coral snake, possess im- 
morable fangs, 

The venoms of different snakes vary a great 
deal in their toxic properties. The most impor- 
tant constituents are those which attack the nery- 
ous system ((neuroloxin), the blood ox 
(hemolysins and hemaggtutinins) and the endo- 
thelium of the blood vessels, causing hemorrhages 
(hemorrhagin, an endotheliotoxin). The three are 
independent. 
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‘The neurotoxin cavees death by paralysis of the 
cardiac and respiratory centers. The hemolysin 
appears to be of less importance as a cause of 
death. 

‘The venoms of the cobra, water-moccasin, da- 


boia and some poisonous gea-snakes are essentially ¥ 
neurotoxic, although they have strong dissolving 
In 


powers for the erythrocytes of some animals. 
studying the hemolytic powers of the venoms of 
cobra, copperhead and rattlesnake, Flexner and 
Noguchi found cobra yenom to be the most hemo- 
lytic and that of the rattlesnake the least. ‘They 
attribute the toxicity of rattlesnake poison chiefly 
to the action of hemorrhagin. The same authors 
studied the action of different venoms on the cells 
of various animals and by absorption experimente 
found independent cytotoxins for the testis, liver, 
kidney and blood. Not only was there a inct 
cytotoxin for each organ of an animal, but also 
for the same organ of different animals, results 
which speak for a remarkable complexity of 
venom. Certain venoms contain a leucocytic 
toxin. 

‘That venoms contain proteolytic ferments is 
shown by their ability to digest gelatin and fibrin. 
This power may be related to the softening of the 
muscles which has been noted clinically in cases of 
poisoning. The rapid decomposition of the body 
which follows death by snake-poisoning is asso- 
ciated with a decrease in the bactericidal power of 
the blood, which, according to Flexner and No- 
nao depende on fixation of the complement by 

the venom. 

‘The hemolysin and neurotoxin, and perhaps 
other cytolysins of venom, consist of amboceptors 
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ment,” which activates the pete es 
latter have combined with the cells. Flexner: 
Noguchi found that this also was the case 
the neurotoxic aml 

‘The ability of lecithin to activate the hemolytic 
amboceptors of cobra venom and the 
of cobra-lecithid (Kyes) were described in Part 11, 
Chapter XVI. In the preparation of cobra-lecl- 
thid the neurotoxin is separated from the hemo- 
lysin, the former remaining in solution, whereas 
the latter settles as a precipitate in combination 
with the lecithin. Immunization with the nenro- 
toxin isolated in this way causes the formation 
of a specific antineurotoxin (Elliot), The neuro- 
toxin may also he abstracted from the venom by 
treating the latter with the nervous tissue of a 
susceptible animal (Wexner and Noguchi). 

‘The hemolysin is distincb from the hemagglu- 
tinin and the latter may be eliminated by 
the venom to from 75° to 80° C. In the action 
venom on erythrocytes agglutination precedes he- 
molysis. 
Fexotds and ‘The toxins may be converted into toxoids by 

Antivente* beat or treatment with chemicals, Immunization 

with toxoida causes the formation of antitoxins. 
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Radium is said to destroy the toxicity of venom 
(Physalix). 

The antivenin of Calmette is obtained by im- 

munizing horses with a mixture of venoms (80 
per cent, cobra, 20 per cent, viperine venom) which 
are attenuated before injection, Six months are 
required to produce a strong serum. The claim 
of Calmette that his serum is effective against all 
snake-venoms is erroneous. It neutralizes those 
venoms the toxicity of which depends largely on 
neurotoxins and hemolysine, but has little influ- 
ence on rattlesnake poison, the essential toxin of 
which is hemorrhagin. Antivenin for the rattle- 
snake and water-moccasin may be prepared by im- 
munization with the corresponding venome which 
have been attenuated by weak acide. Noguchi has 
produced serum of such strength that it promises 
to be of practica! value in the treatment of rattle- 
snake bites, 
As indicated previously, ‘the action of venom is 
preceded by no appreciable incubation period ; 
hence, an antitoxin to be effective must be admin- 
istered not later than a few hours after the bite 
has occurred. Noguchi found in relation to anti- 
yenin for the rattlesnake that the quantity of anti 
toxin necessary to save waa quadrupled three hours 
after intravenous injection of two fatal doses of 
venom. Fortunately the venom is less toxie when 
introducod subeutaneously. 








IL. OTHER ZOOTOXINE. 

Phrynolysin, which is present in the blood and 
skin of certain toads, has been studied especially 
by Prischer. It is a thermolabile, hemolytic toxin 


by immunization. 

Ichthyotozin, a name given to ete oe 
ties of cel eerum, is composed of a neurotoxic 
a hemotoxic constituent. 


(Trachinus draco) a highly 
substance is obtainable, for which an antitoxin can 
be prepared by the immunization of rabbits 








CHAPTER XXV. 
GROUP HL. 





Acute infections diseases caused by bacteria 
which do not secrete strong soluble toxins in cul 
ture media, but which contain endotoxins (toxic 
protoplasm). Infection or immunization causes 
immaunity of considerable or prolonged duration. 
Tn active immunity the eerums agglutinate the 
corresponding organisms and are protective for 
other animals‘ (anti-infectious), but have little or 
no curative power. The formation of antitoxing 
is not definitely established. In most instances 
vaccination has been accomplished, Clinically 
there is leucocytosis in some instances and hypo- 
leucocytosis in others (typhoid and Malta fever). 





A. The serum in acquired immunity is increased 
in bactericidal and opsonic power. 


J. TYPHOM FEVER. 
Eberth first saw Bacillus typhosus in micro- 
scopic preparations of the mesenteric lymph glands 
and spleen of a.typhoid patient, in 1880. Koch 
also observed it at about the same time, and 
stained it in the intestinal wall, spleen, liver and 
kidney. Tt was obtained in pure culture by Gaifky 
in 1884. 
‘The organism is rod-shaped, 0.5 to 0.8. by from 
1 to 3 microns in dimensions, with nothing char- 
acteristic in its morphology. It possesses from ten 


1. Thie Baw not boon eatabliehed in rogard to Malta fever. 
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to twelve flagella situated at the ends and on the 
sides and is actively motile under suitable condi- 
tions, It forms no spores and is readily eultivated 
on many media. 

The bacillus is one of the rather numerous “in- 
testinal group” of organiems, certain members of 
which are so similar that they can be differentiated 
only by meuns of special cultures, animal experi- 
ments, or the agglutinating, opeonic and bacteri- 
cidal action of specific immune serums* 

The organism has been cultivated from earth 


ius. and infocted water, and from the feces, urine, 


Viability 
Reslxtance. 


blood, rose-spots and the various organs of typhoid 
patients. In many instances in which an epidemic 
has certainly been caused by an infected water sup- 
ply attempts to cultivate the bacillus from the 
water have failed. The organisms may not have 
been included in the samples which were analyzed. 
or, what is equally probable in certain instances, 
they have died out in the water by the time the 
dikenxe was so widespread us to be considered epi« 
demic. Its occurrence in Nature depends on the 
distribution of the excretions of the patients and 
carriers. ‘The viability and virulence of the bacil- 
lus in water, earth, etc, vary with the nature of 
its surroundings. It has been found to live 
for periods of from 2 to 4 weeks to 2 or 3 
months in water, from 3 to 4 months in milk, 
from 3 to 5 months in surface water, and from 
11 to 16 months in sterilized earth; 100 days 
in ice, from 12 to 30 days in oystere, from 50 to 








2. Of this group the bacillt of dysentery, paratyphotd 
bacillus Bucitiva enterttidiy of Glirtuer, colon bactling and 
Hactilue aicaligonen, to addition to the typhold bacillus, are 
the moat Important becanse of thelr similar morphologic and 
cultural properties and the pathogentetty of certain of them, 
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80 days when dried on clothing, and for 3 months 
in typhoid feces. When in water or moist earth 
which contain many eaprophytes ite life is short- 
ened. It survives drying for many months, al- 
though direct sunlight kills in the course of a few 
hours. r 

‘That the typhoid bacillus secretes a soluble 
toxin, has not been satisfactorily demonstrated. It 
contains, however, an endotoxin which may be 
obtained in solution by the autolytic digestion of 
cultures, by extracting ground-up bacilli or by 
squeezing out the plasma under high pressure, Up 
to the present time, immunization with none of 
theso preparations has resulted in the production 
of an antitoxie serum of accepted value. 

Typhoid fever may become epidemic either 
through a contaminated water and food supply or 
by contact infection. When due to infected water 
there is something characteristic about the explo- 
sive-like suddenness with which dozens or even hun. 
dreds are stricken within a short period. The water 
of streams, smal! lakes or reservoirs may become 
infected from an il!-eonstructed out-houee, or from 
discharges which have been thrown on the ground 
in their vicinity. Typhoid stools thrown on the 
ground adjacent to wells have caused small epi- 
demics. Fruit, vegetables and milk cans may be 
infected by washing them with contaminated water, 
and it is supposed that the disease may be acquired 
from oysters which have lain in water contami- 
nated with wewagu. 

‘The importance of the so-called bacillus-carriers 
as a source of epidemics of typhoid haz been 
recently emphasized by a great many observers. 
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Park cotimates thet freos S0e eaea 
people who recover from continue to 
excrete typhoid bacilli by way of the urinary or 
alimentary tracts. Park aleo estimates that one 
out of every 500 adults who have never had 
typhoid, harbor typhoid bacilli, The bile is gen- 
erally regarded as the medium in which the bacilli 
perpetuate themselves in the case of the carriers. 

By whatever means an spidemic is set in motion 
primarily, it is usually aggravated and prolonged 
by the occurrence of contact Infections (indirect 
contact). The hands of the nurse, physician, or 
othera who come in contact with the patient be- 
come contaminated from the stools, urine, soiled 
linen or skin of the patient, and the organisms 
subsequently are transferred to food, drinking 
water, or in other accidental ways reach the mouth, 
Ench new case is a fresh focus from which infec- 
tion may be carried to others, and the chances of 
milk and food infection become greater as the 
cases multiply. Whon the discharges are not dis- 
infected or are improperly disposed of, soil or 
house infection may occur and the possibility 
of transmission by gorm-laden dust becomes of 
importance. Dust infection from dried urine 
or feces and drop infection from urine, water, 
or the sputum of the patient are theoretical- 
ly possible, but would seem to be of minor sige 
nificance. That flies may carry the organisms 
from open vaults or cesspools and deposit them on 
food or in drinking water has been appreciated 
in opidemics in military camps ond elsewhere, 
‘Typhoid bacilli have been cultivated from flies 
which were taken from the vicinity of infected 
matorial. 
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The bacilli gain access to the body through 
the lymphoid tissue of the intestinal tract (Pey- 
er’s patches and the solitary follicles). The oceur- 
rence of primary infection of the lungs through 
inhalation of infected dust is possible, but has 
not been definitely proved, In this instance typhoid 
bacillemia might occur either with or without 
intestinal infection. In the latter case it would 
seem essential that some local lesion exist in 
the Jungs or olsewhere from which organisms 
could constantly be supplied to the blood Neufeld 
doubts the ability of the typhoid bacillus to pro- 
Hiferate in the blood, because of the strong bactori- 
cidal power of the latter, and considers that infec- 
tion takes place through the intestines even in cases 
of “typhoid without intestinal lesions.” 

The incubation period is subject to considerable 
variations. In a serios of cases in which the date 
of exposure was known, 62 per cent. showed symp- 
toms in from 20 to 25 days, 2 per cent. in from 14 
te 20 days, and 2 per cent. later than 30 days, 

Quickly following the development of intestinal 
Tesions, the bacilli reach the circulation by way 
of the lymphaties, and through the action of the 
bactericidal constituents of the blood (amboceptor- 
complement complex and possibly leucocytes) they 
are killed and dissolved in large quantities It 
is now generally believed that only through the 
disintegration of the bacterial cells are their toxic 
constituents thrown into solution in the body, a 
condition which is necessary in order that the tie- 
snes be injured. Infection of the blood stream 
with living organisms, in the carly stages of the 
disease and preceding relapses, occurs in probably 
all the eases. 
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It is possible to establish the diagnosis of 
typhoid fever by cultivating the bacilli from the 
blood, even before the seram has developed suffi- 
cient agglutinating power to cause agglutination. 
A small flask of bouillon is inoculated with fram 
1 to 5 ce. of blood, drawn from the median vein 
of the arm, and after twenty-four hours of incu- 
bation a small portion of it is plated out. Colonies 
which develop on the plates may be identified by 
the usual bacteriologic methods, or the agglutina- 
tion test may be performed with a known anti- 
typhoid serum, After from the tenth to the four- 
teenth day the organisms can rarely be cultivated 
from the blood; the bactericidal substances and 
Phagocytic power of the blood may haye eo 
increased by this time that cirvulating bacilli are 
killed rapidly. 

In from one-fourth to one-third of the cases, in 
the third week, or during convalescence, the bacilli 
appear in large numbers in the urine, in which 
they may persist for many weeks. According to 
Kanjajeff, they are discharged into the urine from 
metastatic foci in the kidneys, 

Many of the symptoms, complications and se- 
quela of typhoid fever, a3 the rose-spots, enlarged 
spleen, bone lesions, and in some instances nervous 
lesions and pneumonia, depend on the distribution 
of the bacilli, This is in contrast to the conditions 
in diphtheria and tetanus, in which the distribu- 
tion of the bacilli is of little significance for the 
involvement of particular organs, The anatomic 
changes and clinical symptoms snggest that the 
lymphoid tissue and central nervous system have 
4 epecial affinity for the toxic constituents of the 
typhoid bacilli, 
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‘The greatest changes take place in the organs 
(lymphoid) which contain the bacilli most con- 
stantly and in the greatest numbers. It is here 

the toxic substance may be present in greatest 
concentration, az a consequence of the continual 
solution of the organisms. Mallory describes an 
enormous hyperplasia of the endothelial cells, es 
pecially those of the lymphatic structures, ‘The 
cells are phagocytic, and especially in the lymphoid 
tissue of the intestines and in the mesenteric 
lymph glands, englobe and destroy the lymphoid 
cells on a large scale. It seems probable that the 
endothelial proliferation which has been described 
is due to the rather mild but prolonged action of 
the dissolved toxic constituents of the typhoid ba- 
illus; the condition is that-of an inflammatory 
hyperplasia, It has been suggested that the hypo 
leucocytosis of typhoid fever is due to the destruc- 
tion of the lymphocytes in the lymphoid organs by 
the endothelial phagocytes. 

The granular and fatty degenerations of the 
parenchymatous organs do not differ from those 
seen in many acute infections. 

The conditions in the intestinal tract would 
seem to favor mixed infections, especially by the 
colon bacillus and streptococcns, and the primary 
infection probably decreases the resistance to sec- 
ondary invasion. The role of the colon bacillus in 
typhoid fever is perhaps not definitely established, 
although it has been found in the circulation, in 
absetsses, and in the urine in cases of cystitis ac- 
companying the disease. ‘The typhoid and colon 
bacilli grow well together. A mixed general in- 
fection with the streptococcus causes a grave sep- 
tie condition characterized by an irregular tem- 
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Mixed 
Infections: 





grave. | 
and arnuareeta may occur together, and aa 
may be superimposed on acute tuberculosis. 





annie: 
years, The resistance of infants and 

not gatisfactorily explained. A certain 
resistance inherited from the mother may 
for some years after birth. It is known that an 
bodies may pass from the mother to 
through the placenta. In very early life 
may responil more energetically to incipient in- 
fection by the rapid formation of typhoid anti- 
bodies, or the phagocytic cells may ee more active. 






ere or the affinity between the receptoes and the 
toxic constituents may have become leas. ‘The in- 





pathogenic quantities of the bacilli into the cir- 
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culation. ‘That resistance to typhoid infection is 
decreased by low nutrition and overwork is a long- 
known fact. 

A large amount of protection is afforded by the 
hydrochloric acid of the gastric juice, and it is 
reasonable to believe that suppression or an insuf- 
ficient amount of hydrochloric acid may favor the 
passage of living bacilli to the intestines. Normal 
human serum is rather strongly bactericidal for 
the typhoid bacillus, and the leucocytes ingest and 
destroy it. Metchnikoff ascribes natural immun- 
ity to the action of the microphages. 

The immunity which follows an attack of 
typhoid fever is generally of long duration, but 
second attacks occur with some frequency, Accord- 
ing to Dreschfeld’s figures 0.7 per cent. of individ- 
uals are affected twice, It has been noted that 
limited communities which have experienced an 
epidemic may remain relatively free from the dis- 
cage over a period of some years, although neigh- 
boring districts are attacked. All the susceptible 
persons having had the diseage, a state of temporary 
immunity is created. 

Acquired immunity is characterized by an in- 
erease of the bactericidal amboceptors, opsonins, 
agglutinins and typhoid previpitins in the serum. 
Tt has been shown that recovery is accompanied by 
an increase in concentration of antibodies. Bac- 
tericidal amboceptors reach a concentration two or 
three times that of normal serum and then return 
gradually to normal, reaching a normal concentra- 
tion in a few months. Opsonins increase in con- 
centration as do bactericidal amboceptors, but 
remain high for many monthe. Stone believes that 
this increased power of phagocytosis constitutes 
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the moat important factor in the immunity rewult= 
attack, 





ing from an 
This is not clear from the clinieal standpoint 
because of the hypoleucocytosis which is some- 
what characteristic of typhoid—a hypoleucocytosis 
caused chiefly by a clap nee of the miero- 
phages. It has been suggested that our con- 
clusions as to hypoleneocytoris are based on ex- 
amination of the peripheral blood, whereas the 
mesenteric vessels may show hyperleueocytosis. 
Mallory, however, found a striking absence of 
microphages even in the intestinal vessels. Con- 
cerning a theory that the hyperplasia of the Iym- 
phoid organs serves as a substitute for the 
leucocytosiz, we may recall the findings of Mi 
that this hyperplasia ie chiefly one of endothelial 
cells, ‘The importance of these endothelial cells 
for the destruction of typhoid bacilli needs further 
investigation. 

‘ropnytaxte. Prophylaxis should begin with the thorough 
disinfection of the stools and urine of typhoid pa- 
tients, and this should be continued until they no 
longer contain typhoid bacilli. Tt is not good 
hygiene to discharge a patient until 
examination of stools and urine ehow them to 
free from the organisms, It would be difficult to 
carry out this rigid preeaution under all condi- 
tions, but at all events the stools and urine may be 
disinfected for a rengonable period, say through- 
out convalescence. There is no sufficient reason 
for the neglect of the bacteriologic examination in 
hospital practice. There is a growing sentiment 
that typhoid patients in hospitals should be iso- 
lated in wards or rooms in which there is a fixed 
routine for the disposal of infectious materialsa— 
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urine, stools and sputum. Soiled linen, the bath 
water of typhoid patients, the remnants of food 
and drink, and the eating utensile should be dis- 
infected before removal from the room. Nurses 
or attendants should not cat or drink in typhoid 
rowms, 

Hexamethylenamin may be of value in causing Mexnmety1- 
the disappearance of bacilli from the urine, and * 
the advieability of using the drug as a routine 
measure for public safety is worthy of con- 
sideration. The room should be kept free from 
flics and eventually it should be disinfected, pref- 
erably by formalin. During an epidemic, in case 
the water supply of a community is susceptible to 
contamination, all water used for drinking, wash- 
ing of vegetables and eating utensils, should be 
boiled, and that used for general cleaning may be 
otherwise disinfected, The possibility of dust in- 
fection of a house should not be disregarded. 

‘The typhoid carrier remains one of the difficult 
problems of prophylaxis. ‘That carriers may be 
rid of bacilli by inoenlation with dead bacilli, has 
not been satisfactorily demonstrated except in 
some instances. Systematic detection and treat- 
ment of these carriers is hard to carry out. 

‘There are two methods of epecifie prophylaxis serotherapy 
against typhoid: 1, the injection of antitrphoid ‘ion. "°°" 
immune serum; 2, preventive inoculation with 
killed cultures of the bacilli. Antityphoid serum 
confers a fairly strong and immediate immunity 
which, however, is of short duration, because of 
the rapid olimination of the serum. Its use a2 a 
general preventive, therefore, is not advocated. 

Wright has been influential in showing the util- Werte 


ity of protective inoculations against typhoid, Tis teste." 














oculated, and the inoculations 1 

tality of the disease by one-half. The tior 

so far as So tac nein han are 

though in come instances infection has. in 
‘The Vaccine. from three to six months after vaccination. 

The methods of preparation of Caio are 
elaborate in order to insure storility and standard- 
ization. Cultures of: the bacillus are grown in 
bouillon for from twenty-four to 
hours, and then sterilized at 60 


in 
uniform distribution of organiame, and standard- 
ization is then accomplished by estimating the 
number of bacilli in a cuble centimeter of the vac- 
cine. ‘The purity is insured by bacteriologic tests, 
and for preservation phenol or liquor cresolis com- 
positus is added, 

Wright has abandoned his original method of 
giving a single injection and now recommends two 
moderate doses, which are given from eight to 
fourteen days apart. The first dose includes a 
quantity of vaccine which contains from 750,000,- 
000 to 1,000,000,000 of bacilli, the second 1,500,- 
000,000 to 2,000,000,000. Wright finds that “the 
inoculation of these quanta induces an ample 
elaboration of antibodies without producing any 
severe constitutional reaction.” The inoculations 
increase the bactericidal, opsonie and agglatinating 
powers of the serum and it is concluded that an 
increased resistance to typhoid intoxication iz 
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established because the second injection causes 
milder symptoms than the first, The phagocytic 
power of the leucocytes is raised, because of an 
inereage in the “opsonina.” The curve of the anti- 
bodies is liko that usually obtained by active immu- 
nization with bacteria, toxins or other substances, 
Gmmediately following the inoculation there is a 
decrease even of normal antibodies. This “negn- 
tive phase,” according to Wright, lasts for from 
one to several days and corresponds to a period of 
increased susceptibility. Russell and others have 
not observed this period of increased susceptibility. 
Tt is quickly followed by a positive phase in which 
the antibodies and, correspondingly, the resistance, 
increase rapidly. When very small doses are 
administered the positive phase may be recognized 
after twenty-four hours (Wright), Large doses 
cauge a prolonged negative phase and are to be 
avoided. 

Following injection, “the local symptoms first 
make themeclves felt after an interval of two or 
three hours. The effects then seen are the develap- 
ment of a red blush and more or Jess serous exuda- 
tion at the site of inoculation, followed by some 
lymphangitis along the lymphatics which lend, ac 

ing as the vaccine has been inoculated above 
or below the middle line of the trunk, in the diree- 
tion of the glands of the axillm or of the groin. 
+ + + Evon severe inflammation has never led on 
to suppuration.” The exudate is somewhat hem- 
orrhagic, and the pain varies from moderate vo 
severe, but is not of long duration. With the 
technic a8 recommended at present, “the constitu- 
tional symptoms are limited to some headache and 
‘to two or three hours of real malaise. . . . The 
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to that of Wright, but three injoc 
apart are given, the first of 500 milli 
and third of one billion. No bad 
occurred in 8,610 cases, and the results: 
satisfactory, not a single case of typhoid 
in any one whose vaccination was 
Among the unprotected in the army 
developed in the same period of time. 
The vaceine was prepared as follows: 
virulent, strain of the bacillus is grown 
slanted in flasks for twenty-four hours, 
growth is then emulsified in salt solution and 
standardized to contain 1 billion bacilli to 1 ec. 
The vaccine is then sterilized by heating 
C, for one hour; 0.25 per cont. tricresol ia added 
as a preservative and the sterility tested by aerobic 
and anaerobic cultures. The harmlessness is prayed 
by inoculation into guinea-pigs and mice, 
Conattions ‘The adoption of antityphoid inoculation or vae- 
acctnation. cination under certain conditions appears to be 
warranted, ‘Typhoid never has been a world pest; 
but in the presence of epidemics in densely popu- 
lated districts, the method may well be considered. 
‘The question is a pertinent one also for those cities 
in which typhoid is so extensive as to be called 
endemic. Tt has a distinct field in the protection 
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of troops in time of war, when it is difficult to 
observe other prophylactic measures, and should 
recommend itself to physicians and nurses during 
epidemics. 

The products of autodigestion of typhoid cul- 
tures have been suggested as suitable vaccine 
(Neisser and Shiga). The local reaction is said 
to be mild, and the body reacts by the formation 
of bactericidal amboceptors and agglutinins, 


Bactericidal serams obtained by the immuniza- serowmernpy. 


tion of horses with typhoid bacilli have not shown 
distinet curative properties. Chantemesse im- 
munizes horses with a typhoid “toxin” which is 
prepared by growing the organism in a liquid cul- 
ture which contains an emulsion of splenic tissue. 


~ One cubic centimeter of this toxin will kill a 


guinea-pig, 2 dose which in comparison with 
other bacterial toxins is very weak, Chantemesse 
has used his antitoxic serum in the treatmont of 
more than 500 patients, reporting a mortality of 
about 6 per cent., whereas that among untreated 
patients was from 10 per cent. to 12 per cent, 
Although these figures indicate some value for the 
serum, it has had little trial outside of France, 
MacFadyen and Rowland immunize horses with 
extracts of typhoid bacilli, which have been ground 
up while they were kept in a brittle state by the 
temperature of liquid air, Although antitoxie and 
bactericidal properties are claimed for the serum, 
there is no conclusive evidence that it differs from 
buetericidal serum prepared in the ordinary way, 
Jez produces a high degree of immunity in rab- 
bits by artificial immunisation with the typhoid 
bacillus, then prepares an extract from the spleen, 
bone marrow, brain, ete, of the immunized ani- 
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Serum Institute of Borne and is 
suggestion of Fraenkel, that patients 
treated by subcutaneous injections of small 
tities of killed typhoid bacilli in order to hasten 
the formation of antibodies has been kept alive 
through the “typhoin” of Petruschky, but has not 
had practical trial. Of 2 similar nature is the sug- 
gestion of Richardson, that the filtrates of typhoid 
cultures be injected. Richardson reports unsatis- 
factory results with various preparations of 
bacilli, including the non-toxic split products of 
Vaughan. 
Anders has concluded from his results following 
the injections of killed typhoid bacilli, that the 
procedure is of value only in cases of relapse and 
in bacillus-carriers in order to rid the person of 
the bacilli. Doses of from 25 to 50 million bacilli 
were used and the injections were repeated every 
three days. 
Agutatina- ‘Tho principles and technic of the agglutination 
tom: test were described in Part T. The serum 
commonly becomes agglutinating on from the 
seventh to the tenth day, rarely as early as the 
second or third, and as late as from the twentieth 
to the fortieth day. The power is highest during 
convalescence, when it may agglutinate in dilu- 
tions as high as 1 to 5,000 or higher, and from 
that timo sinks gradually, An agglutinating 
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power of 1 to 160 has often been found at eight 
months, and of 1 to 50 after from seven and one- 
half to eleven years; but the latter duration is not 
the rule. In performing tho test, a serum dilution 
of not lex than 1 to 40, or 1 to 50 should be 
observed as previously set forth, 

The following sources of error are to be borne 
in mind: Typhoid fever occasionally runs its 
course without the formation of agglutinins; the 
reaction may mysteriously be abeent one day to 
rocur a few days later, a condition which indicates 
the importance of repeated tests; rather high ag- 
glutinating power for the typhoid bacillus occa- 
sionally develope in other infections, as pneumo- 
nin, meningitis, icterus, Weil’s disease, ote.; the 
possibility of group agglutination, for the positive 
elimination of which contro} teats with related or- 
gunisms may be demanded, In case negative 
results are obtained in a suspicious case, the rene- 
tions should be tried with the paratyphoid bacilli. 
‘The test of the bactericidal powers of the seram 
has been recommended a3 a substitute for the ag- 
glutination reaction, but the technic is so much 
more complicated that the method will probably 
not come into general use. For diagnosis previous 
to the formation of mgglutinins, blood-cultures 
should be made as described in a preceding para- 
graph. c 





Il. PARATYPHOLD FEVER. 


In 1900 Scholtmiilicr cultivated from the blood 
of five “typhoid” patients organisms which differ 
from the typhoid bacillus in that they attack dex- 
trose with gas formation and are not agglutinated 
fn high dilution by antityphoid serum. Since 


at 
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which have previously been 
colon’ bacilli (Widal, Gwyn) do not differ 

those which are now called paratyphoid bacilli, 
and the infections caused by them resembled th 
recorded cases of paratyphoid fever, The term 
“paracolon” should no longer be applied to them. 
1. _ Paratyphoid fever occurs sporadically or in ep 

demic form, and bears a close resemblance to. 

typhoid-like epidemics which have been noted fram 
time to time, and which, presumably, are caused 
by eating poisonous meats, One such epidemic of 
600 cases was caused in Switzerland in 1878 by 
the meat of a sick calf; the mortality was 1 per 
cont, A still older epidemic (1889) is cited, ke 
wise caused by meat, In both instances the infec- 
tion eventually was carried from person to person 
by contact. A recent outbreak in Kiel, proved to 
be paratyphoid, is assumed by Fischer to have been 
caused by infected meat, on account of the peculiar 
distribution of the cases among the patrons of a 
particular market, Kurth also attributed a small 
epidemie to either uncooked meat or milk. Fischer 
mentions fifty cases in Hast Holstein probably 
caused by the milk of two cows. Shortly after the 
epidemic began, the cows died and paratyphoid 
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because of the occurrence of the in! 
ous parts of the world. 

‘The toxicity of the bacilli depends on the c esiats 
ence of a fixed endotoxin; a soluble toxim is pot 
produced. ‘The principles of prophylaxis againet 
typhoid also apply to paratyphoid fever, with the 
addition that in the latter disease the possibility of 
meat infection must be kept im mind. 

‘The serums of patients and immunized animals 
uequire bactericidal. i 
powers for the or ¥ 
apy for the infection, nor has the oceasion arisen 
to attempt vaccination. 

Serum from a paratyphoid patient may jati- 
oa nate the homologous Mfacillog, i a tot of 
Oattures: 1/1000 or 1/2000 or more (E. H. Rucdiger), 

whereas the typhoid bacillus is agglutinated only 
in low dilutions by the same serum, 
ever, bacillus A and bacillus B are not identical 
in their agglutinable properties; in this respect 
it is stated that the latter is more closely re- 
lated to the typhoid bacillus than the former. 
The agglutination test is said to havea higher 
diagnostic value than the Gruber-Widal reaction 
in typhoid, a stronger agglutinating power being 
developed in the serum of the patient. Never= 
theless, the formation of coagglutinins may render 
the test confusing if proper serum dilution is not 
practiced, Conclusions should not be attempted 
until the test has been performed with both strains 
of tho parntyphoid bacillus and with the typhoid 
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bacillus. As in typhoid, early diagnosis may be 
best accomplished by bacteriologic examination of 
the blood. 


II. ACUTE EPIDEMIO DYSENTERY. 

In addition to amebie dysentery, we have de- 
come familiar with an acute dysenteric infection 
which appears epidemically in both tropical and 
temperate climates, and prevails especially in the 
summer months. Such epidemics occur extensively 
in Japan, where the mortality may be 24 per cent. ; 
in the Philippines, United States, Germany and 
other European countries. In industrial settle- 
ments-in Germany the mortality is about 10 per 
cent. (Kruse), The incubation period may be as 
short as two or three days. In mild cases the pa- 
tient may recover in from four to eight days, 
whereas severe cases last from two to four weeks, 
and may terminate fatally. Occasionally the in- 
fection lasts sufficiently long to be considered 
chronic. 

Tn 1898, Shiga, basing his conclusions on posi- 
tive results with the agglutination test and on the 
constant presence of the organism in the stools of 
the infected, identified as the cause of the discase, 
in Japan, a microbe which is known as Bacillus 
dysonterie (Shiga). Flexner, in 1900, made simi- 
lar observations on epidemic dysentery in Manila, 
and his organisms, or one of them, differing slight- 
ly from that of Shiga, is called Bacillus dysenteria 
(Flexner), or the Plexner-Harris bacillus, Harris 
being the name of a patient from whom this 
typieal strain was cultivated. Kruse (1901) found 
both the Shiga and Flexner types in Germany, 
needlessly giving the name of “pscudodysentery” 
bacilli to the Intter. In this country similar organ- 
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er isms have been found as the cause of institutional 





theas of infants by Duval sa ety aby Wa . 
stein. It is the belief of Vedder and Duval that 
acute dysentery, the world over, “whether sporadic, 
institutional or epidemic, is caused by the Towever thay the 
tery bacillus.” We must note, however, 

organism is not found in all cases of clinical 
entery, even by skilled bacteriologists, y, 
24 of our 9% cascs in which the i 
were found did not differ from the cases of ileoeoli- 
tie in which the dysentery bacilli were not found.” 
(Weaver and others.) It eeeme certain, neverthe- 
less, that Bacillus dysenteria is the most” 

tant cause of acute dysentery. It rarely occurs in 
the stools of healthy individuals, 

‘The organiems of Shiga and Flexner differ in 
their actions on the eugare mannite and maltose 
(i. ¢., im their acid-forming powers) and in their 
agelutinability; the “Flexner” type is the stronger 
acid-former. An artificially produced immune ge- 
rum which is specific for one organism has rather 
higher agglutinating and bactericidal powers for 
the corresponding type, but low for the other. In 
this country the “Flexner” bacillus is much more 
common than that of “Shiga,” but here and abroad 
both typos are met, and sometimes in the same 
individual. Several other organiams have been 
cultivated from dysenteric patients, but the varia- 
tions from these two types are slight. All are 
certainly very closely related. 

er- ‘The organism is somewhat thicker than the 
of typhoid bacillus, but probably is non-motile, al- 
though Vedder and Duyal, in opposition to others 
{Leniz), claim to have demonetrated flagella, Tt 
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often shows a polymorphous appearance in cul- 
tures, but forms no spores. It is Gram-negative. 
Tt lives for from 12 to 17 days when dried 
(Pfuhl) ; direct sunlight kills it in 30 minutes, 
1 per cent. phenol in 30 minutes, 5 per cent. phenol 
plus corrosive sublimate (1/2000) almost instan- 
taneously. It is thought that it may live over 
winter and cause fresh outbreaks in the spring 
(Kruse), 

‘The bacillus is found only in the stools of the 
infected, in the mucous or muco-hemorrhagic por- 
tions of which it exists almost in pure eulture, few 
colon bacilli being in the immediate vicinity; it 
has not been found in the blood or urine. In fatal 
eases, Shiga found it only in the intestinal ulcers 
and swollen lymphoid structures and in the mesen- 
terie lymph glands. Flexner mentions its occur- 
rence in the liver. The organism, if it reaches the 
circulation at all, either does so in small quantities, 
or is rapidly destroyed by the blood. The infection 
resembles cholera, but differs from typhoid and 
paratyphoid in this respect. An observation by 
Markwald (cited by Lentz) indicates, however, 
that the bacilli may reach the circulation. A 
woran ill with dysentery gave birth to a child, 
which died within a few hours. Dysenteric changes 
were found in the intestines, and the bacillus of 
dysentery was cultivated from the diphtheritic de- 
posits on the intestines, from the meconium and 
from the heart’s blood. The organisms must have 
reached the child through the placenta from the 
circulation of the mother. 

‘The intestinal lesions vary from a simple in- 
flammatory hyperemia to rather extensive superfi- 
cial necrosia (diphtheritic inflammation), which 
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rarely extends below the subm 
are said to be the most marked ; 
colon and sigmoid where L 
more likely ep a ‘The necrotic areas se 
by sloughing, leaving euperficial: 
phoid follicles are swollen and infiltrated w 
aoe 
late in the dila i 
wall, ‘The ileum is a eA sey involved that 
condition is called an i tis. 
changes are not found in the mesenteric 
spleen. The liver and kidneys commonly show 
parenchymatous degenerations, a0 
Toxteity of ‘The dysentery bacillus is highly toxic. Subeu- 
Organisms. tanoous injections, ee killed cults eas in 
man a more profound reaction than organism 
of either cholera or seen Ordinary 
animals are so susceptible that they are r 
with difficulty; the horse is less a i 
toxicity of the organism apparently depends on an 
intracellular toxin (an endotoxin) rather than on 
a soluble toxin. When living or killed cultures 
are submitted to autodigestion in salt solution 
(Conradi, Neisaer and Shiga), or when bouillon 
cultures are allowed to grow for 30 days, tho 
liquids are found to be toxic after. the organisms 
are removed. In both instances thie toxicity prob- 
ably depends on the liberation of endotoxins. The 
question as to whether the bacillus in the intes- 
tinea produces a soluble toxin which is abaorbed by 
the lymphatics, is w mmined. It seems more 
probable that the conditions are analogous to those 
of cholera, intoxication resulting from the libera~ 


tion of endotoxins by the solvent action of the tis- 
sue fluids or cells on the bacilli. Dysenteric symp- 
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toms are not produced in animals by feeding the 


organisms, 
‘The stools of the patient are the only known ¥ 
source of the organism and it continues to be ex. 
ereted during convalescence. Latent or chronic 
eases are a source of danger to a community. Al- 
though the conditions outside the body are not 
favorable for the growth of the organism, it may 
remain living and virulent for several months. The 
methods of infection appear identical with those 
in typhoid. Water infection seems certain, and 
indirect transmission is accomplished by contact 
with the discharges, ‘The best examples of contact 
‘infection are found in institutional epidemics, 
‘The first essential for prophylaxis is correct di- 








agnosis, for which the agglutination test and bac- fj; 


teriologic examination of the stools are essential. 
Disinfection and other precautions should be prac- 
ticed as rigidly as in typhoid. The patient should 
not be discharged until the stools are free from 
dysentory bacilli. 

Poorly nourished individuals are particularly 
susceptible to infection, and among them the mor- 
tality is high. The disease is most common among 

children, old people, and those who are con- 
fined in institutions. The conditions in Japan, 
however, where from June to December of one year 
nearly 90,000 were attacked, and in Germany, 
where severe epidemics occur in industrial com- 
munities, indicate that susceptibility is quite gen- 
eral. Digestive disturbances and enteritis from 
other causes are said to be predisposing factors. 
‘The normal serums of man and animals have very 
little bactericidal power for dysentery bacilli. 
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curative; the discharges rapidly deevease in number 
and the course of the disease is shortened. In the 
Rockefeller Institute for Medical Research anti- 
dysentery cerum proved of no distinct value. 

‘The agglutination reaction with the serum of 
patients shows great variability. It is sometimes 
absent in spite of the presence of bacilli in the 
stools, and often disappears rapidly during con- 
valescence (in two weeks occasionally). It is rarely 
as high as in typhoid. Tn infantile diarrheas ag- 
glutinins appear at about the end of the first week 
of illness (Duval and Bassett). Evidently mild 
cases in which the course of the disease is from 
four to eight days may not be recognized by meane 
of the agglutination reaction before the period of 
convalescence. In chronic cases the agglutinating 
power may persist for three or four months. No 
reaction was obtained with the typhoid bacillus, 
Kruse considers the reaction diagnostic when it 
occurs in a dilution of 1/50; Pfubl, 1/30. Strong 
eo-agglutinins for other organisms, i. ¢., above 
1/50, have not been observed (Lentz). The tests 
should always be performed with both the “Shiga” 
and “Flexner” types, as the two have not identical 
agglutinable properties, and either organism may 
be the cause in a given instance, The absence of 
the reaction does not exclude a dysenterie infec- 
tion positively. Bacteriologic examination of the 
stools is important, often necessary, for early diag- 
nosis. 

TV. MEAT POISONING BY BACILLUS ENTERITIDIS. 

Botulism 2 a special form of meat poison- 
ing and the oceasional production of paratyphoid 

infected meats, have been mentioned. In 
dition to.these, moro or less extensive epidemics, 
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spleen of the cow, and from the spleen of 
who had been fatally poisoned, an n 

has since been known as Bacillus enteritidis (Gi 
ner). The same bacillus, or organisms which re- 
semble it closely, have been obtained repeatedly 
during similar epidemics, both from the snspi 

meat and from the organs in fatal cases (intes- 
tines, blood, spleen, ete.). Drigaleki, from a com- 
parative study of several strains obtained from aif. 
ferent sources, concluded that all are members of a 
closely related group of organisms, the group of 
Bocillus enteritidis. His conclusions were based 
‘on cultural propertics and agglutination tests, 

‘The typical organism is a short rod, often ovoid 
in shape, possesses from four to twelve long: 
ella and has moderate motility. It ferments vari- 
ous sugara and is not stained by Gram’s method. 
Variations among individual strains need not be 
discussed here. 

According to ¥. Ermengem, and also Drigalski, 
ite pathogenicity depends on the elaboration of a 
soluble but heat-resistant toxin. Bouillon eul- 
tures twelve days old, in which the bacteria have 
boon killed by eat, also similar cultures from 
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which the bacteria have been removed by filtration, 
are toxic for mice and guinea-pigs (Drigalski). It 
iz noteworthy, however, that relatively large quan- 
tities of the bouillon were necessary to kill guinea- 
pigs (4.0 ec.) which is in contrast to the toxins of 
diphtheria and tetanus. The rapidity with which 
symptoms develop following the ingestion of in- 
fected meat is a further indication of the exist- 
ence of this soluble toxin, which, it would scem, is 
formed in considerable quantities in the meat. 
Symptoms occasionally develop so quickly as 
to suggest some strong metallic poisoning. With- 
in a few hours vomiting, violent diarrhea and 
colicky pains set in, followed by more or less 
collapse, weakness, headache and not uncom- 
monly by erythematous, urticarial or herpetic 
eruptions. Fever is absent or inconspicuous. 
The mortality is not high, from 2 to 5 per cent. ; 
convalescence is said to be slow. Nephritis and 
catarrhal pneumonia have been noted as sequelm. 
Autopsy shows the anatomic changes of an acute 
gastroenteritis, sometimes of hemorrhagic charac- 
ter, with swollen Poyer’s patches; the large intes- 
fine is not greatly involved. The spleen may be 
swollen and the kidneys degenerated. ‘The ana- 
tomie findings are not specific. 

Tt has been shown in numerous instances that 
the cattle or horses (Drigalski) which furnished 
the meat were sick with an intestinal or general 
infection with Bacillus enteritidis before they were 
slaughtered. “In a very large number of cases it 
‘can be demonstrated that the animals from which 
the meat was taken had been elaughtered in 
extremis or had died recently, and, indeed, that 
they had (in certain instances) died before they 
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‘The organiam oveurs in the blood and various 


organs of infected animals and man. Poizoning 
most commonly arises when the meat has been 
kept for several days, which usually is the case by 
the time it is made into eome form of sausage. In 
the meantime the bacilli have proliferated and ad- 
ditional toxin has been produced. In at least one 
instance a certain number of patients who ate the 
meat while it was fresh suffered moderate or no 
intoxication, whereas those who ate it several days 
later became violently ill. In an epidemic caused 
by horse meat Drigaleki found that “only those 
persons suffered from intoxication who ate the 
meat after it had Jain for eight days or more.” 

The micro-organism is very resistant to heat 
and the temperature which is attained in ordinary 
cooking may not be sufficient to kill the bacteria 
which are remote from the surface. Even in the 
event that the meat has been thoroughly sterilized, 
the heat-resistant toxin may be present in suffi- 
cient quantity to cause the intoxication. Not 
much is known concerning the distribution of 
Bacillus enteritidis, vy. Ermengem suspecta that 
it may be a factor in poisoning by oysters and fish, 
but this remains undetermined. 
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The blood acquires specific agglutinine during Awettinins. 


the course of infection. Even eight days after the 
beginning of symptoms agglutination may be ob- 
tained in dilutions varying from 1/200 to 1/4000. 
‘The agglutinins disappear very rapidly. Working 
with artificially prepared immune serum, Drigal- 
ski determined the existence of congglutinins for 
typhoid and paratyphoid bacilli. 

‘We should bear in mind the likelihood that 
meats poisoned with Bacillus enteritidis, ax well ax 
by paratyphoid bacilli, may be encountered in 
America, as well as in foreign countries. 

¥. BACILLUS COLT 

Bacillus coli, or the eolon bacillus, is the type of 
a Jarge group of organisms the members of which 
show individual differences, but possess certain 
dominant features in common. The typleal colon 
bacillus ferments various sugars, with the produc 
tion of gas, is a strong acid producer and curdles 
milk. Tt is flagellated, has moderate motility und 
does not stain with Gram’s method. One type or 
another is the normal inhabitant of the intestinal 
tract of many animals, and, although the organ- 
isms aro widely disseminated in nature, their 
cocurrence is related directly or indireetly to the 
distribution of feces. 

Its optimum temperature for growth is 37° C., 
and above 46° ©. it does not proliferate. Tt is 
killed at a temperature of from 60° to 61° ©, in 
from five to fifteen minutes; it is not killed by 
‘such low temperatures as from —20° to —24° C. 
Tt resists absolute desiccation for periods varying 
from a few days to several months (different ob- 
servers). Direct sunlight kills 99 per cent. of the 
germs in two hours (Billings and Peckham), and 
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testines or reach them through accident. This is 
not the place to consider these questions in detail, 
and they are on none too definite a basis. It may 
be stated, however, that the colon bacillus and an- 


other closely related organism, Bacillus [lactis] ~ 


aerogenes, distinctly antagonize the action of cer- 
tain proteolytic bacteria which appear to be associ- 
ated with the putrid decomposition of milk and 
other proteid-containing foods. Bacteria of the 
latter type exist in the intestines. Unsterilized 
milk has a natural resistance to putrid decomposi- 
tion, and sterilized milk to which the colon bacillus 
or Bacillus [lactis] aerogenes has been ‘added, has 
a eimilar resistance, These two bacteria flourish 
in the presence of carbohydrates, which they 
decompose with the liberal formation of acids, and 
through these acids they “limit intestinal putre- 
faction and influence (favorably) pathologie proc- 
esses which are ceosed or maintained by the 
existing ‘alkaline fermentation’” (Escherich and 
Pfaundler). That the organisms in question 
antagonize the action of putrefactive bacteria has 
been shown in test-tube experiments (Hirschler). 
Since the time that vy. Emmerich upheld th 
colon bacillus (or o colon-like microbe) as the 
cause of Asiatic cholera (1885), opinion as to the 
pathogenic powers of the organism has undergone 
many fluctuations, Following Koch’s demonstra- 
tion of the comma bacillus as the etiologic factor 
fn cholera, the colon bacillus was, so to say, re- 
pressed asa pathologic agent. Later, and expecially 
in France, grent significance was again attached to 
it. The condition still shows a great deal of chaos, 
although, on account of more refined technic and 
the elimination of other organisms, as the dysen 
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Harmless as the colon bacillus 
when confined in the intact intestines, its viru~ 
lence for animals, although low, has been demon- 


strated in’ many instances, A bouillon eulture of 
the average bacillus which has grown for from one 
to two days, and when freshly cultivated from the 
stools, causes the death of a 300 to 400 gram 
guinea-pig in two or three days, when givem intra- 
peritoncally in a dose of from 2 to 3 cc, Subeu- 
taneous inoculations, the feeding of cultures, their 
introduction into the bladder and biliary passages 

induce inflammatory processes, It is stated 
(Eacherich) that whether the cultures are intro- 
duced into the skin, peritoneum or vessels, symp~ 
toma of sovere gastroenteritis are produced, not 
unlike Asiatic cholera, This fact doubtless in- 
fluenced y. Emmerich in considering the organism 
as the cause of cholera, The general symptoms aro 
those of an acute febrile intoxication. 

The organism is most pathogenic when freshly 
enltivated, and soon loses its virulence after re- 
peated transplantations, As in the case of some 
other bacteria, eeise imayibe sessions by 
“passage” through suitable 
‘The cultivation of the colon bacillus from the 
Sper man at autovsy has not the 
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significance which was once attached to it. It has 
‘been recognized that the colon bacillus in particu- 
Jar, and Jess commonly other intestinal organisms 
may enter the circulation a short time before death, 
at a time when resistance is very low, and may 
obtain the general distribution which is so often 
encountered at autopsy; this is the so-called “ago- 
nal invasion,” which may occur without much re- 
gard to the primary cause of death. The condi- 
tions which favor agonal invasion remain, to a 
large extent, obscure. Distinct defects of the in- 
testinal mucosa probably are not essential, al- 
though thia view hasits representatives. In states 
of low vitality in which resistance to infection is 
decreased (disappearance of complement), the or- 
anisms find conditions fayorable to proliferation 
when they have once reached the cireulation. In 
spite of the low virulence of the colon bacillus, it 
commonly has a certain amount of toxicity and it 
may often be of significance even as an agonal in- 
fection, 

Post-mortem invasion of adjacent structures, as 
the gall bladder and liver through the biliary pas- 
sages, and of the peritoneum through the intesti- 
nal wall, also occurs, 

Tt has been shown that the colon bacillus occa- 
sionally causes the following conditions: Suppura- 
tive cholecystitis which may extend to liver 
peritonitis, septicemia, meningitis, cystitis, pyeli- 
tig and ascending suppurative nephritis, and ab- 
scesses in various organs, including suppurative 
processes in the middle ear. In one or more in- 
stances it has been thought that it eaused vegeta- 
tive endocarditis. Probably colon infections of the 
gall bladder do not occur in the absence of bilinry 
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stasis. Ordinarily cases of peritonitis in whieh 
the colon bacillus is encountered also show the 
presence of other pathogenic as strepto- 
cocci or staphylococei; this is always the ease in 
perforation peritonitis. Doubtless wrong eoncla- 
sions have been drawn in many instances as to the 
bacteriology of peritanitis from the fact that the 
colon bacillus readily overgrows many other bac- 
teria in culture media. 

Kscherich attributes great importance to this or- 
ganiam as the cause of cystitis, especially in chil- 
dren, and states that it is probably the most com- 
mon cause of cystitis, pyelitis and ascending sup- 
purative nephritis, In fifty-eight of sixty cases of 
cystitis in children the colon bacillus was found 
either alone or in mixed cultures. An increased 
agglutinating power of the patient's serum for the 
organisms cultivated from the urine is nated in 
these cases. Davis and others have described cases 
of urinary infections due to B. colt differing from 
the usual type in that the growth on various medin 
is less Inxuriant and milk is not coagulated. 

Davis has found that the serum of patients with 
such infections may be high in opsonie power and 
low in bacteriolytic, or vice versa. 

Great interest attaches to the colon bacillus in 
relation to enterocolitis and dysenteric diseases, 
Escherich speaks of an enteritis follicularis, or 
colitis conlagiosa, or eolicolitis, epidemics of which 
have been noted at different times. A number of 
these epidemics occurred before the identification 
of the id bacillus, and certain of them may 
have been true dysenterie infections. Neverthe- 
less, dysentery bacilli are not found in all eases of 
enterocolitis, and the probability that genuine 
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cases of colon enteritis occur can not as yet be neg- 
lected, 


A specific colon toxin has not been obtained. 

Immunization with the colon bacillus causes the 
“formation of bactericidal amboceptors, opsonins 
and agglutinins, 


Not all strains of the colon bacillus are identical 


in their agglutinogenic receptors. A serum which 
agglutinates one colon strain does not necessarily 
agglutinate all strains. ‘The reaction, according to 
Paltauf and others, is largely an individual one. 
‘The serum of a patient with a colon infection will 
agglutinate the strain causing the disease, but may 
not affect other strains. Hence, for diagnostic 
purposes, the test must be performed with the eul- 
ture which has been obtained from the patient. 
Pfaundler says in reference to colicolitis that if 
other colon infections can be excluded, and if the 
eerum of the patient gives the agglutination reac- 
tion in a dilution of 1 to 60 with the bacillus 
which has been cultivated from the stools, colon 
infection is indicated (Paltauf). 

Vaceine therapy has heen successfully applied to 
many of these colon bacillus infections, ‘The 
autogenous organism should always be used owing 
to variation in the bacilli, especially in infections 
of the urinary tract. 





Vi. CHOLERA. 


In 1883 Koch discovered the Vtbrio cholera and 
cultivated it from the stools of cholera patients, 
‘The organism may be cultivated from the-stools of 
the patients invariably, and is never found in other 
diseases nor in normal stools, except in the case of 
non-susceptible persons who may be encountered 
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tained by transferring a smal] amount of the sur- 
face fluid to tubes of liquefied gelatin, then plating 
the latter. The colonies appear in a few hours as 
small translucent points from which pure cultures 
are made on a suitable medium. For more positive 
identification agglutination tests are 

with anticholera serum. The Royal Institute for 
Infectious Diseases (Berlin) keeps on hand a dried 
seram of known strength (1-10,000) for this pur- 
pose. ‘The tests being made with high dilutions, 
congglutinins for other vibrios are practically elim- 
inated. To the agglutination test may be added 
the “Pfeiffer experiment,” in which the protective 
power of an anticholera serum is determined when 
guinea-pigs are infected intraperitoneally with the 
suspected culture, If the serum shows a protective 
power against this organism which approximates 
that shown against a known cholera vibrio, or, if 
the organisms are dissolved, the diagnosis of chol- 
era is justified. In performing such experiments 
the serum is mixed with the culture before injec- 
tion. 

‘The resistance of the cholera vibrio ia very low. 
Tt dies in about two hours when dried (Koch) and 
on this account dust infection is thought not to 
occur, It is killed instantly by the boiling tem- 
perature, and in five minutes at 80° C. Tt is ex- 
tremely susceptible to carbolic acid (killed by 1 
per cent. in five minutes), corrosive sublimate (1 
to 2,000,000 or 3,000,000 in from five to ten min- 
utes), and to acids. Calcium chlorid is an offi- 
cient disinfectant when thoroughly mixed with the 
stools. The micro-organism lives in distilled water 
not longer than twenty-four hours, in ordinary 
water for several days to several weeks, and in one 
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the large overgrowth of other organiams, the vibrio 
can rarely be cultivated from the sone eae 
trom one to three days after death. Its life in and 
on foods depends on the reaction (3 r 
favorable), and on the presence or absence 0 
moisture. Ib lives longer in sterilized milk 
days) than in that which contains other micro-or- 
‘isms. 

Infection develops in the small intestines fol 
lowing ingestion of the organisms. Infection by 
way of the lungs or through wounds does not take: 
place. In the patient the living vibrio occurs only 
in the intestines, and it is excreted only with the 
feces. So far as known, it hae no normal habitat 
outside the body, although a stream or other water 
supply may contain the vibrio over a long period 
through constant reinfection of the water. ‘This 
can only occur, directly or indirectly, through the 
stools of patients. The washing of soiled linen or 
bathing in water which is used for drinking and 
other household purposes have caused outbreaks of 
cholera. The water supply of a city may be in- 
fectod by the discharges of patients who are con- 
fined to a ship. Convalescents may retain virulent 
organisms in their stools for forty-eight days 
(Kelle), and, as stated, healthy persons who are 
insusceptible to cholera and who have reeided in 
‘on infected district may carry virulent vibrios in 















their intestines. These conditions have contrib- 
‘ated to the futility which, to a large degree, has 
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met attempts to limit the extension of cholera by 
quarantine measures, Cholera extends from coun 
try to country along the lines of travel. In some 
instances it has been possible to trace the origin 
of widespread epidemics to the delta of the Ganges, 
a region in which the disease is endemic, Pilgrims 
from India carry the infection to Mecca, and pil- 
grims from Egypt carry it to their native land on 
their return from Mecca. Either from Egypt, or 
through Arabia, Asia Minor and Southern Russia 
or Turkey, cholera has, with more or less rapidity, 
extended to Western Europe. The development of 
rapid transit has inereased the rapidity with which 
cholera may extend. From Kurope the disease has 
been carried to various ports of the western conti- 
nent, Canada, the West Indies and southern ports 
of the United States, from which extension has oc- 
curred to different sections. Of six widespread 
epidemics of the past one hundred years, three 
have involved the United States, reaching consid- 
erable proportions. The means of introduction is 
not always apparent. 

As in typhoid, two types of epidemics are known, 
the two often being associated: First, that caused 
by water infection, and, second, that in which the 
disease epreads by direct and indirect contact, "The 
explosive character of an epidemic caused by in- 
fection of a water supply is much more striking 
than in the case of typhoid fever. In large cities 
hundreds, or thousands, may be striken within a 
day, The brief incubation period, from twelve to 
twenty-four hours, contributes to the acuteness of 
the outbreak. The distribution of a “water- 
borne” epidemic corresponds with the distribution 
of the infected water. A remarkable occurrence il- 


Mi 


pidemi 
tion develop slowly and 
incident is the successive i 
bers of a family, whereas others in the maa 
neighborhood are unaffected, Water-borne 
demics are invariably complicated by the ocour- 
rence of contact infection. The methods of con- 
tact infection are not different from those men- 
tioned under typhoid fever. Food or milk which 
has been infected by contaminated water or by 
other means may cause the dovolopment of isolated 
groups or cases. 
u; Animals do not contract cholera under natural 
. conditions, By rendering the gastric contenta of 
guinea-pigs alkaline and introducing cultures into 
the stomach through a tube, Koch induced a chol- 
ern-like process from which the animals died with- 
in from twenty-four to thirty-six hours; an intra- 
peritoneal injection of opium, to quiet peristalsis, 
seemed to be necessary for the success of the ex- 
periment, Similar results were obtained in very 
young rabbits by feeding cultures to them (Issaeit 
and Kolle, Metchnikoft). Guinea-pigs withstand 
the subcutaneous inoculation of moderate amounts, 
bnt are very susceptible to intraperitoneal ree 
tion. Intravenous injections are 
for rabbits, and a fatal cholera-like ‘condition ‘a 
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localization of the organisms in the intestines and 
intestinal mucosa has been produced in this way 
(Thomas). 

The essential poison of the cholera vibrio is in- 
tracellular, and becomes free only after solution of 
the bacterial cells. Cultures which are killed care- 
fully as by chloroform vapor (Pfeiffer) are highly 
toxic, although the fluid alone is non-toxic. The 
filtrates of young cultures have little or no poison- 
ous action. The toxicity of older filtrates is due 
partly to the solution of the bacteria with conse- 
quent liberation of endotoxin, and perhaps also to 
secondary disintegration products which have a 
certain toxicity. The soluble toxin of Metchni- 
koff, Roux, and Taurelli-Salimbeni is a dissolved 
endotoxin and not a secretion of the living cells, 
according to Kole. 

Koch considers that cholera is an acute infec- 
tious process of the intestinal epithelium, whereas 
the general condition is one of acute intoxication. 
Tt is assumed that the condition in the intestines 
corresponds to that in the culture media, i, ¢., that 
here, too, no true soluble toxin, comparable with 
that of diphtheria or tetanus, is secreted, but that 
the toxin which eventually reaches the circulation 
is that which is liberated from the bacteria after 
the latter have been dissolved by the bacteriolysin 
of the plasma, or perhaps by the leucocytes. Doubt~ 
leas a great deal of endotoxin is liberated in the in- 
teatinal canal, but it is Koch’s conception (cited 
by Kolle) that the primary intoxication comes 
from those organisme which have penetrated be- 
tween and beneath the epithelial cells and here 
have undergone solution. One effect of the toxin 
in this situation is to caus desquamation of the 
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ing vibrio has never been Tal 
blood. 

The changes in the intestines 
duration of the infection. In cases which 
fatal within a few hours the mucosa only 
moderate general reddening, which is Ice slay 
at the bortare of Peyer's peta acini 
follicles. The intestinal contents are of a: 
clear fluid nature in which peop he oot i 
mucus and epithelium; the fluid may be tinged 
with blood. With a longer duration the destructive 
processes in the mucosa become more intense, and 
consist largely of desquamation of the 
epithelium and intense congestion of the denuded 
submucosa. In the more prolonged cases, “chol- 
eri-typhoid,” the mucosa, especially above the ileo- 
cecal valve, may show diphtheritie necrosis. ‘The 
serous surface of the intestines is injected, 

The rational prophylaxis founded by Koch, on 
a knowledge of the biologic characteristics of the 
comma bacillus, has proved of great efficiency. 
‘The essential points are the following: 1. Immne= 
diate bacteriologic examination of the stools in 
suspicious cages. 2. Absolute isolation of patients, 
in a hospital whenever possible. 3. Thorough dis- 
infection of the stools, linen, room and all articles 
with which the patient has been in contact, inelud« 
ing water-closets and privies. 4. Continuod iao- 
lation during convalescence until the stools are 







free from vibrios, 5. Repeated bacteriologic ex- 
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amination of the stools of those who have been in 
contact with cholera patients until their freedom 
from vibrios is assured. 6. Frequent examination 
of the water supply at different points in order to 
detect the occurrence of water infection, 7% In 
case water infection oxists, exclusion of the water 
from all domestic uses, and the institution of 
means to rid the water of infection. This may be 
done in the case of infected wells, but in the case 
of large systems reconstruction may be necessary 
for future protection. Water for household use 
should be boiled. Kolle compares the conditions 
in Germany and Russia during the epideme of 
1892-4. In Germany, where Koch’s principles of 
prophylaxis were rigidly observed, about 10,000 
cases occurred, 9,000 of which were confined to 
Hamburg, whereas in Russia, where precautions 
were not enforced strictly or generally, $00,000 
cases developed during the same period. 





Protective inoculation has shown itself to be of ™ 


distinct value for prophylaxis. Ferran, a Span- 
iard, first practiced vaccination on a large scale in 
1884, although little definite knowledge of the 
value of the procedure resulted from his work. 
He is supposed to have used impure cultures, Haff- 
kine introduced protective inoculation on a large 
scale in India, and up to 1895 had inoculated 40,- 
000 persons. Vollowing Pasteur’s method with 
anthrax, he used two vaccines. Vaccine 1 was a 
culture which had been attenuated by prolonged 
growth at 89° ©, Vaccine 2, which was adminis- 
tered five days later, wasn virulent culture. The 
living organisms were used in both vaccines and 
the injections were given subcutaneously. The 

and general symptoms were mild. Instead 
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cutancously (cited by Kolle). ieee ae has 
posed the use of the products of autolysis of 
cholera vibrio as a vaccinating eubstance, 
founded on the observations of Neisser 
in relation to typhoid, and of Conradi and 
ski in relation to dysentery. The local and 
symptoms are said to be of a mild type. 
method has had no practical trial. 

From what was said above in connection with 
the so-called cholera carriers, it is evident that not 
* all are equally susceptible to infection with chol- 
cra. In the few instances in which infection has 
been attempted deliberately, some contracted the 
disease, nt least one case ending fatally, whereas in 
others either a mild infection or none at all took 
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leucocytes, is responsible for it, The gastric juice, 
on account of its acidity, offers a barrier to the 
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passage of living yibrios into the small intes- 
tines, and this is particularly true of cholera. 
Tt is nevertheless evident that the barrier in many 
instances is not a serious one. A number of cases 
are recorded in which investigators while working 
with cultures have become infected with cholera, 
the cases running typical courses which sometimes 
ended fatally (Pfeiffer, Pfuhl and others). Or- 
ganisms which are ingested with water may pass 
rapidly to the intestines without being affected by 
the acid of the stomach, or when taken with food 
they may be buried in the latter and hence not 
come in contact with the gastric secretion. It 
seems probable that the intestinal epithelium has 
a certain resistance to invasion which is most mani- 
fest in the case of those who do not become in- 
fected in spite of the presence of the organisms in 
their intestines. Natural immunity appears to be 
one which is directed against the bacteria rather 
than against the endotoxin, proliferation of the 
organisms in the intestinal epithelium being pre- 
vented. Poorly nourished individuals, the very 
young and the very old are particularly suscepti- 
ble. Other gastrointestinal disorders, in the pres- 
ance of an epidemic, predispose to infection. De- 
fects in the intestinal epithelium, or a decreased 
resistance of the latter, may afford favorable 
sonditions for invasion, 

Active immunity, as that which results from in- 
fection or from protective inoculation, is charac. 
terized by the appearance of bactericidal ambocep- 
tors, opsonins, agglutinins and specific procipitine 
in the serum. 

Amako finds that opsonin, bactericidin and 
agglutinin develop with the course of the disease. 
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are produced in the blood-forming An 
attack of cholera confers immunity of prolonged 
duration, although it is not always absolute. 

Passive immunity is readily induced in animals 
by injection of anticholera serum. Ag in ofher 
instances, it is of short duration, Doubtless the 
same condition may be induced in man. Besredka 
has proposed mixed immunization for protective 
inoculation, using killed bacteria which have been 
saturated with the specific amboceptors. 

Serotherapy has been no more successful in 
cholera than in typhoid fever, ‘The 
serum of Roux and others has had no 
trial. According to Achard and Bensaude, the 
serum of cholera patients, on the third or fourth 
day of the disease, agglutinates the cholera vibrio, 
However, they used the serum in dilutions of 1-20, 
and in thie strength even normal human serum 
may be agglutinating (Pfeiffer and Kolle, cited by 
Paltauf). Conralescents even after seven months 
may show an agglutinating power of from 1/100 to 
1/120, 
The bncteriologic examination of the stools is 
the most reliable means of carly diagnosis (see 


abore). 
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VII, PLAGUE, 


Plague was known in the second and third een- 
turies. In the sixth century it ravaged the Roman 
empire and destroyed half the population in the 
eastern provinces. Under the name of the “black 
death” it ewopt over Europe in 1347-50 with a 
sacrifice of one-fourth of the inhabitants—about 
26,000,000. During the fifteenth and sixteenth 
centuries many epidemics prevailed in various 
parts of Europe, und the disease seemed to have 
fastened itself on that part of the world. However, 
the pneumonic form of the disense, the most con- 
tagious, gradually became less common, or the vir- 
ulence of the infection diminished, and this, with 
the institution of quarantine regulations, decreased 
the prevalence of the plague during and following 
the seventeenth century. Nevertheless, there have 
been occasional outbreaks in Eastern Europe since 
that time. Following the recrudescence of plague 
in Hongkong in 1893 and in other places later, 
the disease has been subjected to scientific study, 
its cause has been discovered, and the importance 
of rigid quarantine measures at seaports in pre- 
yenting its universal extension has been proved. 

In the Hongkong epidemic of 1893-4 Kitasato ¢ 
and Yersin, working independently, discovered the 
bacillus of plague, Bacillus pestis. The organisip is 
minute (1.5 to 1.75 by 0.5 to 0.7 microns), and 
typically is of long oval shape. The frequent oc- 
eurrence of short oval cells (coceus form), longer 
rods and distorted, swollen, vacuole-like cells (in- 
yolution or degeneration forms) signifies a high 
degree of pleomorphism which is characteristic, 
‘The longer the discase haa lasted, or, on the other 
hand, the older the culture, the more numerous are 
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ete., the ends stain more deneely than the central 
portion (polar staining). Because of its general 
properties it is placed in a group with a number of 
bacteria which cause hemorrhagic septicomiag in 
various animals—the “hemorrhagic septicemia 
group.” 

‘There occurs in bouillon the eo-called etalactite 
growth, in which visible proceases extend from the 
eurface toward the bottom, where they meet other 
processes which extend toward the surface “stalag- 
mites”). These formations utilize as their 
points the side of the fask or drops of butter 
oil which are placed on the surface. Certain 
organisras grow in a similar manner. Tt is said 
to be a characteristic feature of the plague bacilli 
that many involution forms appear on which 
contains 5 per cent. of sodium chlorid. 
mum temperature for growth is from 28° to 30° 
C., which is somewhat lower than that for most 
pathogenic organisms, It grows ruther slowly 
under the best conditions, In a srs) a 
overgrown by saprophytic organisms (¢. g., 
bacillus), 

‘The plague bacillus may live for from four to 
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Aestevanes, saven days in the putrofying organs of man or ani- 


mals. Its virulence may be retained in the cadaver 
of a rat for two months (Bandi and Stagnitta- 
Balistreri). During this time the organiers 
trate all the tissues of the body, even g 
throngh the ekin. Tt may live in the of a 
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bubo for twenty days when unmixed with other 
organisms (Albrecht and Ghon); in the sputum 
from plague pneumonia for ten days; in various 
foods, as milk, potatocs, for one to three weeks; in 
water from five to twenty days, depending on the 
number of eaprophytes which are present; in earth 
from two weeks to three months, depending on the 
quantity of organic matter and other organisms. 
In all these instances the higher the temperature, 
i.e, above 30° C., and the more numerous the 
saprophytic organisms, the shorter is the life of 
the plague bacillus. In winter, when contaminat- 
ing saprophytes grow less rapidly, the plague bacil- 
Tus lives longer. Its resistance to desiccation, sun- 
light and disinfecting agents is rather low, par- 
ticularly when the surrounding temperature is 
above 30° C. In temperatures of from 29° to 31° 
©., when thoroubgly dried, it rarely lives longer 
than from six to seven days, whereas at lower tem- 
peratures, 16° to 20° C., cultures may be obtained 
after from one to several weeks, depending on the 
material which contains the organisms, It lives 
longer in woolen and cotton threads (clothing) 
than when isolated as in dust ; hence, dust infection 
is improbable (Dieudonné). In sputum (plague 
pneumonia) and purolent exudates in which the 
bacilli become incrusted to a degree, life may per- 
sist for from three to four wooks, Sunlight kills 
them in from two to six hours, depending on the 
temperature and the proximity of the organisms to 
the surface. Although cultures for the purpose of 
vaccination have been killed at a temperature of 
65° ©. for one hour, precautions to insure an even 
distribution of the heat are nocessary to render cer- 
tain the doath of all organisms. A temperature of 
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of infected material or by placing it on the nasal 
mucous membrane or in the conjunctival sac, and by 
inhalation experiments, the last method commonly 
resulting in plague pneumonia. Guinea-pigs and 
young rabbits die of plague septicemia in from 
four to five days when cultures or material con- 
taining the organisms (sputum, feces, organs from 
plague cases), are rubbed into the shaven or even 
unshayen skin (Albrecht and Ghon). This experi- 
ment is of value for detecting virulent plague ba- 
cilli and separating them from contaminating or- 
ganisms. Following inoculation into a eutaneous 
or mucous surface a local reaction of varying in- 
tensity develops in which the subcutancous tissue 
becomes edematous or even hemorrhagic, in a num- 
ber of hours the regional lymph glands become 
swollen and hemorrhagic, and in from two to five 
days the animals die of plague septicemia. Cul- 
tures of low virulence not infrequently cause a 
chronic infection which ia characterized by the for- 
mation of large granulomatous nodules on the sur- 
face of the liver and spleen and in the omentum. 
Such foci contain many plague bacilli, and the 
death of the animal results in a few weeks from 
intoxication or from general infection. Although 
rabbits are much less susceptible than rats or 
guinea-pigs, young animals succumb to cutancous 
inoculation, 

Dieudonné cites four foci in which plague is 
known to be endemic at the present time: Ono is 
in China (province of Yiinnan), from which the 
Hongkong epidemie originated; a second in the 
Himalayas, which led to the outbreak in Bombay; 
@ third in 4 mountainons region south of Mecca, 
and a fourth was found by Koch and Zupitza in 
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sumably this is accomplished through infected rats 
which may board a ship during its stay in a pest- 
ridden harbor, and which subsequently escape at 
the new port, 

Epidemics of plague lack the explosive-like sud- 
denness in their development which characterizes 
cholera and, to a certain extent, typhoid and dys- 
entery. The eases occur in groups and in particu- 
Jar houses in such a manner that direct and indi- 
rect contact seem to be largely responsible for 
transmission. Every epidemic of plague may be 
divided into three stages: a slow progression from 
small centers, an aeme of widespread death, and a 
slow recession (Dieudonné). It seems probable 
that the disease spreads rapidly and extensively 
only when the pneumonie form prevails. 

In man infection takes place through the skin 
most frequently, although the mucous membranes 
of the mouth, nose, pharynx, tonsils or the con- 
junctiva are possible infection atria. Often no 
local reaction is produced, and the point of en- 
trance may be indicated only in a general way by 
the swollen lymph glands of the region. Infre- 
quently a pustule or small carbuncle marks the 
point of entrance. Primary plague pneumonia is 
caused by the inhalation of pest-laden material, 
particularly fine particles of sputum from a pnea- 
monic case, and perhaps also by the inhalation of 
infected dust; the latter is probably of less impor- 
tance because of the short life of the organism in 
dust. Evon in ordinary speaking minute drops of 
saliva are thrown into the air. Infection is thought 
not to occur through the stomach or intestines. 
In the pneumonic and septicemic forms, the in- 
fected urine and feces contribute to the dissemina- 
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degeneration of the Jatter (liver, kidneys and 

heart), are characteristic anatomio changes. The 

spleen is usually swollen. The toxic substance 

evidently has affinities for many tiesues, 

Mixed infection with the streptococcus is not 

uncommon and is a serious complication, 

vaytaxte ‘The following are important points for ve 
laxis: 1, Early dingnosis as 
teriologie examination of blood, sputum, and ‘fluid 
taken from a bubo either by a syringe or after in- 
cision; 2, in the thorough isolation of patients and 
of those who have been exposed to infection; 3, 
in the disinfection of excretions, of clothing and of 
infected howses, which in some instances may 
mean the destruction of the latter; ‘4, in the de 
straction of rats; 5, prophylactic injections, Up 
to the present timo tho most effective measure of 

getting rid of rats is to offer a bounty for each 

anime! caught, as practiced in Manila. In Cali- 
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fornia, the work of extermination of squirrels, rats 
and fleas has been carried on extensively by the 
U, 8. Public Health and Marine-Hospital Service. 


The vaccine of Haffkine has been used exten- Vecetnes. 


sively in India. The Indian plague commirzion 
found that the incidence of disease and the mor- 
tality were lower among the inoculated than the 
uninoculated, although many of the inoculated 
contracted the disease in a benign form. The vac- 
cine consista of bouillon cultures which have grown 
for six weeks with stalactite formation (see above), 
then killed by exposure to a temperature of 65° O. 
for one hour; from 0,5 to 3.5 cc. are injected, ac- 
cording to the age and size of the individual. One 
or more subsequent injections may be given. The 
local and genoral reactions are of moderate sever- 
ity. Protection becomes manifest only several 
days after the inoculation and may persist for 
many woeks or months. The vaccine recommended 
by the German commission consists of two days’ 
old agar cultures which have been killed by heat 
(65°C. for one hour). Lustig and Galeotti utilize 
the toxic precipitate described above as a vaccine. 
Terni and Bandi inoculate rabbits or guinea-pigs 
intraperitoneally with the plague bacillus and 
after or just preceding death collect the peritoneal 
exudate, in which the organisms are allowed to pro- 
liferate still further for twelve hours. The bacilli 
are then killed at a low temporature, and this 
fluid, after an addition of a preservative, consti- 
tutes their vaccine. Although the last three vac- 
cines have proved of value in animal experiments, 
they have not as yet been used extensively in man. 

Besredka and Shiga recommend the use of mixed 
active and passive immunization, as suggested in 
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use of the ‘Ge combined? method ih the epidemic in 
Kobe. 

‘The immunity which is produced by protective 
inorulation, like that which follows natural infec- 
tion, is considered to be antibacterial inasmuch as 
the serum acquires increased bactericidal for 
the bacillus, but shows no ability to ite 
toxic constituents. The influence of ss is 
easential for experimental phagocytosis, is on 
important factor in the pei of immunity. 
Antiplague serum econtaine also comploment-devi- 
ation antibodies and precipitins, The immunity 
which follows infection is of long duration. 

Prophylactic injections of antiplague serum pro- 
duce a temporary immunity of about two weeks’ 
duration. The Pasteur Institute prepares the 
serum of Yersin by immunizing horses first with 
killed and then with living cultures. The irmun- 
ization is difficult and from several months to a 
year and a half are required for the production of 
a strong serum. When the blood is drawn its free 
dom from living plague bacilli and from toxic sub- 
stancos must be assured, The immunizing value of 
the serum is determined by that quantity whieh 
will eave a mouse from a fatal dose of living plague 
bacilli, the serum being given 24 hours in advance 
of the culture. This is accomplished by 0.1 to 0.02 
c.c., depending on the strength of the seram. Its 
curative power is estimated from that quantity, 0.6 
to 0.1 ¢.c,, which saves a mouse when administered 
16 hours after the injection of an otherwise fatal 
dose of culture. For protective inoculation in man 
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from 10 to 20 cc. are recommended, and for curas 
tive purposes from 30 to 50 cc. Concerning the 
value of this serum Dieudonné coneludes as fol- 
lows: “On the basis of the results obtained in 
man and in animal experimente we can attribute 
“no positive curative value to the Parisian serum, 
although a certain influence on the course of the 
disease can not be denied. On the other hand, the 
serum is suitable for protective inoculation when 
immediate immunity is necessary, as for those who 
are caring for cases of plague pneumonia. Since, 
however, the protection afforded by this means per- 
sists only for a few days, subsequent active immun- 
ization with killed cultures is indicated as soon as 
possible for those persons who are exposed to in- 
fection for some time.” The favorable results 
noted by a number of observers would seem to jus- 
tify further use of the serum for curative pur- 


poses. 

‘The serum of Tavel, prepared at the Institute 
of Bern, is, like that of Yersin, bactericidal and 
agglutinating. Antitoxie as well as bactericidal 
properties are claimed for the serum of Lustig, 
which is prepared by immunization with the toxie 
precipitate mentioned above. It has been used ex- 
tonsively in the treatment of plague and in a num. 
ber of small epidemics favorable though not: thors 
oughly convincing results were reported. The 
serum of Markl, which is supposed to be antitoxic, 
has had no practical trial. It is prepared by im- 
munization with old cultures which have been 
killed by chioroform, 

According to Kolle and Krambein antiplague 
serum should be tested as to concentration of all of 
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the various antibodies in order to obtain a correct 
iden of its value, 

Although the serum hall caer a cer 
tain agglutinating power, it is rather (1/3 or 
1/5), and does not become manifest until during 
the second week of the disease, Before this time 
diagnosis by clinical or bacteriologie means can be 
made with certainty; hence, for clinical diagnosis 
the reaetion has little valuc. On the other hand, 
= strong artificial agglatinating serum obtained 
by the specific immunizstion of animals is of great 
value for the identification of the plague bacillus 
when cultures have been obtained from 
Artificial serums may agglutinate in dila- 
of from 1/1000 to 1/6000, 


B. Diseases in which acquired immunily is not 
de to increased bactericidal power of the serum, or 
Enowledge on this point is deficient. 








I, ANTHRAX, 


From the standpoint of infection and immunity 
ax is of particular interest. It is the first 
disease of which the bacterial etiology was proved 
and in which the specific microbe was used in pure 
eulture for the production of artificial immunity 
(vaccination). 

Anthrax is particularly a discase of cattle and 
sheep, and it prevails in certain European coun- 
tries, especially Russia, in Australia and in South 
America, It does not occur extensively in this 
country. Definite rogiona are at times heavily in- 
fected, and it is in such localities that the disease 
is most frequently transmitted to man. 
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As carly as 1850 Rayer and Devaine, also Pol- 
lender, had discovered the presence of small rods 
and filaments in the blood of animals which had 
died of anthrax, and the work of Koch, Pasteur 
and others soon established that this rod, the an- 
thrax bacillus, is the cause of anthrax. The discor- 
ery of Koch that the bacillus forms extremely re- 
sistant spores, explained the persistence with whieh 
the disease infects particular localities. 

‘The anthrax bacillus is a fairly large organiam, 
is rod-shaped, non-motile and grows with charac~ 
teristic appearances on various culture medja. 
With the proper temperature and culture medium, 
and in the presence of free oxygen, the formation 
of spores begins after about twenty-four hours of 
growth. Their evolution is complete in from one 
to two days, and eventually the protoplasm of the 
colla disintegrates and tho spores are set free. 
Spores are not formed in the body of an infected 
animal. Spore formation is not essential, how- 
ever, for the continued life of the organism; at 
high temperatures (42° €.), and in the presence 
of minute amounts of acids and alkalis or of car- 
bolic acid, strains may be eo altered that they lose 
permanently the ability to produce spores. Under 
favorable conditions the spores germinate com- 
pletely in from three-quarters to one and one-half 
hours (Grethe) by a process in which they lose 
their refractive appearance and assumo first an 
aval and then a rod shape, Tn the body a capsule 
surrounds the bacillus, and it grows singly or in 
very short chains; in culture media it is very diffi- 
cult to obtain capsules, The long threads which 
appear in culture media, eapecially bouillon, are 
‘not found in infected animals. 
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ring especially among those who have to do with 
cattle and sheep. The bacilli, however, may gain 
entranee through the lungs as in the so-callod 
“wool-sorter’s” disease, which is caused by the in- 
halation of infected dust from the raw material. 

‘The generalized infection in all animals is rapid- 
ly fatal (one to three days), and the occurrence of 
death ia sometimes so sudden as to be called apo- 
plectiform; in man the mortality is about 50 per 
cent. Malignant pustule runs a more favorable 
course, 

‘The general infections are marked by symptoms 
of intense intoxication and acute degenerative 
changes are produced in the parenchymatous or- 

. Massive numbers of the bacilli are found in 
the blood. Neither a soluble toxin nor an endo- 
toxin characteristic for the organizm has been dem- 
onstrated up to the present time (Sobernheim), 
although there is abundant clinical and anatomic 
evidence of intense intoxication. The production 
of mechanical injuries by the large masses of ba- 
cilli in the circulation is doubtful. 

Rational prophylaxis involves the proper dispo- 
mal of the bodies of animals which have died of 
anthrax, the exclusion of animals from fields 
known to be infected, suitable disinfection of stalls, 
and finally protective inoculation against the dis- 
ease. No part of the anthrax cadaver should be 
used for commercial purposes, because of the dan- 
ger of infecting those who work with the raw ma- 
terials. Cleanliness and the usual precautions 
against contagious diseases should be observed by 
those who are exposed to infection, bearing in mind 
that the disease may be transmitted by way of the 
Jungs and alimentary tract, as well as by the skin. 


Toxin. 


Prophylaxin, 
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It is probable that no disease is more perplexing 
“ from the standpoint of immunity than anthrax. 
* The variations in susceptibility and immunity 
among different animals are extreme: Guinea- 
pigs, rabbits and mice are probably more suscepti~ 
ble than sheep and cattle; compared with these the 
dog and rat are relatively immune, whereas fowls 
and cold-blooded animals can be infected with dif- 
ficulty. Although the microbe is readily killed by 
suitable serams (rabbit, . g-), such an effect ix not 
an index of immunity. The scrum of the highly 
suaceptible rabbit is strongly bactericidal in test- 
glass experiments, wherers that of the more resist- 
ant dog, or rat, has little or no bactericidal power. 
Because of this inconsistent relationship of the 
serum to immunity, and since the leucocytes have 
a high phagocytic power for the anthrax bacillus, 
Ptruschky, Frank and others agree with Metchni- 
koff in assigning variations in the natural immun- 
of different animals to variations in phago- 
cytic power, Bail and Pettersson, in extensive ex- 
perimental work, discovered conditions which, they 
believe, explain the lack of correspondence between 
serum properties and natural immunity. In the 
serum of the relatively immune dog and chicken 
they found bactericidal amboceptors but uo com= 
plement; hence, the ecrum could show no bacteri- 
cidal action in the test-glass. If, however, leuco= 
cytes from the same animals were added to the 
serum, the latter became bactericidal. It may be 
assumed that in the course of infection the ambo- 
ceptors are activated by complement which is dis- 
charged from the leucocytes. ‘The failure of the 
bactericidal substances of the rabbit’s serum to 
protect the animal was ascribed to the ability of 
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‘the tissues to absorb the amboceptors (Sobern- 
heim). Their work is of sufficient importance to 
id repetition, 

Wright has shown the importance of the opsonins 
for phagocytosis of the anthrax bacillus. 

Recovery from spontancous infection is said to 
confer a degree of immunity, which, however, is 
not permanent. 

Artificial immunity may be produced by active 
or passive immunization. The firet attempts at 
vaccination were made in 1880 by Toussaint, who 
injected the blood of infected animals after it had 
been heated to 55 degrees for ten minutes, The 
bacilli were thus attenuated, but they were able to 
form spores subsequently and vaccination was not 
always successful. Pasteur used two vaccines. Vac- 
cine I consisted of a culture which was attenuated 
by growth at 42" C., and which contained no 
spores. Vaccine IT was a virulent culture, and was 
injected in from ten to fourteen days after vac- 
cine I. Ite use is eaid to have caused a decrease 
in anthrax in heavily infected districts, with a con- 
sequent decrense of the disease in man, Various 
modifications of the vaccincs of Pasteur have been 
devised by othere, and they seem to be equally suc- 
cessful. In some instances killed bacilli and the 
products of bacterial growth have been used with 
less success. The Anthracase-Immunproteidin of 
¥. Emmerich and Léwe is not of established value. 

Immune serum for therapeutic purposes is pre- 
pared by immunization, first with killed or atten- 
uated cultures and then with virulent-strains, The 
‘two vaccines of Pasteur may be used. Although 
the serom has been shown to haye fairly strong 
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bernheim is very positive in that the 
tericidal power of an peli is — 
creased by immunization or infection, and 

istence of an antitoxin is not recognized. As in 
some other instances immunization may cause an 
increase in opsonins which would render the serum 
ellective by its power to cause increased phagocy- 
tosis. 

‘The method of Sobernheim, that of mixed active 
and passive immunization, seems to be successful 
as a prophylactic measure. The vaccine consists 
of # mixture of antiserum and bacilli, Toomune 
and even normal serums at times may agglutinate 







the anthrax bacillus, but the reaction is inconstant, 
and the abjlity of an immune serum to cause age 
glutination is no index of ita protective power. Ag- 
glutination is somewhat difficult of determination 
because of the tendency of the bacillus to grow in 
the form of chains. 


TL. MALTA FEVER. 


Malta, Mediterranean or undulant fever, discovered 
in the Teland of Malta, also occurs among British 
troops at Gibraltar, and cases have been discovered 
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in the Caribbean Sea, Porto Rico, in Hongkong, 
Manila, and in India. Historically, it has been 
traced to the beginning of the nineteenth century, 
but it was first described as an independent disease 
by Marsten in 1859. It is snid to be extending. 
‘The disease usually runs a long course, which is 
somewhat typhoidal in character, and there may be 
‘one or more relapses. The spleen is enlarged, but 
the intestines ore not involved. 

“Tt is distinguished from typhoid by its long du- 
ration, sometimes extending over many months; 
by a course of fever exhibiting marked undula- 
tions; by the occurrence of copious perspirations ; 
by the frequent appearance of rheumatic articular 
disorders as well as by neuralgia and inflammation 
of the scrotum and epididymis” (Seheube). It 
occurs especially in the summer months. ‘The 
incubation period is about fifteen days. 

Basset-Smith found the serum in practically al! 

of the disease and in convalescence to have 
litle or no bactericidal power for the coccus. Nor- 
mal serum appeared to be more bactericidal than 
that of the patients, although such an action was 
often missed in normal serum. Wright says that 
normal human serum is devoid of bactericidal 
power for the organism. Basaet-Smith also con- 
cluded that the phagocytic power of the patient's 
leucocytes is leas than in the case of normal leuco- 
eytes. According to Wright, the organism “is em- 
inently sensible to the opsonic action of the nor- 
mal serum,” under the influence of which it is 
taken up in large numbers by the leucocytes. 

Agglutination by the serums of patients takes 
place in dilutions varying from 1-300 to 1-2000 
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or even a¢ high as 16000. en a 

fairly early in the course of the 

teet ie of great diagnostic importance. 

appear in about two years after recovery rei tae 
Lamb). 

Bacillus melitensis, discovered by Bruce (1887) 
in the spleen of patients who had died of the dis- 
case, is a minute organism, slightly oral in shape, 
According to Gordon, it possesses one ne agpliws 
rarely two or four, and is slightly motile. ‘The 
bacillus is found in pure cultures in the spleen, 
which is greatly qurg Tis growth in culture 
media is very slow. 

It is thought that infected water may be one 
means of transmission of the disease ‘Laboratory 
infections with pure cultures have occurred 
through small wounds resulting in typical attacks 
of Malta fever (Birt and Lamb). The disense is 
not transmitted from person to person. 

Up to the present time the monkey is the only 
animal known with susceptibility to artificial infec- 
tion, although the organism bas a certain yiru- 
lence for rabbits and guinea-piga on intraperito- 
neal or intracerebral injection (Durham), 

One attack confers immunity, which may disap- 
pear, however, after some time (Hughes). 

An immune serum which was prepared by 
Wright is said to influence favorably the course of 
the disease. 
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Acute infectious diseases in which acquired im- 
munity of prolonged duration is not established. 
In some instances soluble toxins are produced 
which are of unknown importance in the infeetions 
(staphylococeus, streptococcus). Some of the or- 
ganisms contain rather strong endotoxins (pneu- 
mococcus, gonococeus), whereas in others a reason- 
able tas for their infectiousness is not at hand. 
Tn some instances immunization causes increased 
resistance to infection (staphylococcus, streptococ- 
us), whereas this property has not been fully 
demonstrated in others.» The serums of immun- 
ized animals may or may not be protective for 
other animals. Those organisms which cause eys- 
temic infection give rise to leucocytosis (except 
influenza). Local inflammations ars accompanied 
by the accumulation of polymorphonuclear leuco- 


eytes. 


I. PNEVMOCOCEUS INTECTIONS—PNRUMONTA, 


No one organism is the exclusive enuse of any 
one type of pneumonia, except perhaps the viruses ¥ 
of syphilis and tuberculosis, Any microbe which 
emuses pneumonia can also set up inflammations 
in other organs. The following may cause acute 





4. This polnt Is diMeult of determination when an ors 
fam has ite or no pathogenicfty for animals (infu 
gonscocens, baciliue of Duerey, ete). 
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hee Diplococeus pneumoniee, 
Fricllander (B. pneumonia), Peri! pes 
tis, B. diphtheria, B. typhosus, B. ‘coli communis, 
B. tuberculosis and Micrococcus catarrhalis. ‘The 
organisms of tuberculosis, actinomycosis, syphilis 
and some other infections eause chronic inflamma- 
tions of the lungs. Some of these organisms have 
already been considered and others will be dis- 
eussed later, in their relation to pmeumonia, with- 
out, however, entering into details as to the various 
types of the disease. The Di phenmonia 
is the commonest cause of lobar pneumonia, Tt 
produces lobular pnoumonia not infrequently, and 
ta been found as the only organism in acute 
interstitial pneumonia (Weichselbaum). 

Friodliinder (1882) found that capeulated coco 
were present constantly in the exudate of pneumo- 
nia, Such cocei in all probability represented the 
organism which at present is known as the pneu- 
mococcus, yet the cultures which he obtained some- 
what later showed the characteristics of the organ- 
ism now known as the bacillus of Friedliinder. 
Fraenkel, in 1884, obtained the first-named coceus 
in pure culture, and his investigations, together 
with those of Weichselbaum and many others, 
eventually established the independence of the 
two organisms. 

The typical pneumococens ia slightly elongated, 
and both in the tissues and in culture media it 
grows in pairs. Typically, aleo, the pair possesses 
a capsule which is present constantly in the tissues 
and may be obtained on certain culture media 
(milk and serum). Tt is non-motile, non-flagel- 
lated, forms no spores and stains by Gram’s method. 
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. 
Rather scant growth oceurs on the ordinary 
eulture media in the form of small colonies which 
resemble those of the streptococcus, and unless spe- 
cial media are used it usually can not be carried 
through many generations. When grown in spu- 
tum, or on a medium which containg ascitic fluid, 
the blood or serum of man or some favorable ani- 
mal, its virulence may be preserved for some time. 
By growth at 39° C, virulence is lost rapidly. 
Strains which are atypical in one of several ways 
are encountered. They may show low virulence, 
may grow well at ordinary temperatures (the typi- 
cal organism not doing so), may produce long 
chains in liquid media, or may grow without a 
capsule. 

Recently the danger of confusing the pneumo- 
coecus with the streptococcus has received renewed 
attention, and newer methods of differentiation 
render it extremely probable that such confusion 
has occurred in the past. An important differen- 
tial method is that of cultivation on agar plates 
which contain blood (Schottmiiller and Rosenow) ; 
the streptococeus produces a clear zone of hemo- 
lyzed corpuscles about its colonies, whereas the 
colonies of the pneumococens present a greenish 
color and produce no hemolysis. Tn using this 
test G. F. Ruediger found a surprising number of 
Pheumococes in normal throate, whereas previous 
work had shown them to be less common than 
atreptococci, 

In spite of the poor viability of tho organism on 
ordinary culture media, it is fairly resistant to 
desiccation and sunlight, especially when embedded 
insputum. It is possiblo that the surrounding spu- 
tum is protective and that the well-formed capsule 
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No characteristic soluble toxin bas been obtained, 
although more or less poisonous substances, some 
of them of a chemical nature, have been described. 
Presumably the toxic properties reside in an endo- 
toxin, ‘The pneumotoxin of F, and @, 
was prepared by precipitation with aloohol. ‘The 
pneumococcus {# a pyogenic organiem and causes 
exudates which are rich in fibrin. Occasionally 
serous rather than purulent exudates are produced_ 
Its toxic action is directed toward various organs, 
and it is doubtful if any of the tissucs of the body 
are non-susceptible. Some strains are supposed to 
be more neurotoxic than others. 
The susceptibility of animale varies greatly. 
. Rabbits and mice are extremely susceptible and are 
used as test animals for the identification of the 
organism. Other laboratory animals have greater 
resistance, and the pigeon and chicken are almost 
absolutely immune. In susceptible animals a rap- 
idly fatal coccemia or more or less extensive 
lesions are produced, depending on the virulence of 
the culture, the geat of inoculation and the suseep- 











tibility of the animal. In rabbits lobar pneumonia 
has been produced by inoculation into the pleura, 
trachea, blood stream or subcutancous tissue, 
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ent, and it has been found there as the cause of 
dipbtheric enteritis, a condition which may be 
followed by pneumococeus peritonitis or general 
infecti 


‘The lungs are infected by inhalation of the Batrance 
cocei, Suspended in droplets of saliva or mucus, ‘"** **"#™ 
or adherent to foreign particles, they may be car- 
riod fairly deeply ‘nto the bronchial tubes. ‘That 
they ever reach the alveoli by this means alone is 
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tous tissue of the lungs of indi 
died of other than pneumococens infections 
non-infectious diseases. In order to show | 
micro-organisms may be carried into the paren- 
chyma by inspiration Nenninger allowed animals 


sus, and killing the animals after one-half hour, 
was able to cultivate the coceus from the base of 
the lungs where only alveoli and the finest bron- 
chial branches were present (cited by Weichsel- 
baum). 

|ymphowen- Various other agencies have been suggested by 
ftematogen- which the cocci may be carried to the 
oss Tans. tous tissue. For example, during the forced res- 


the alveoli. Or the organisms having reached the 
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bronchi, may be carried through the walls of the 
latter, perhaps by the leucocytes, and reach the 
alveoli directly through the lymph channels or 
after having caused infection in the peribronchial 
lymph glands, Others express the opinion that 
pneumonia follows blood infection in many or 
most instances, |. ¢., that the infection Is hemato- 
genous, the cocci having reached the blood in some 
obscure manner, That the infection may be hem- 
atogenous is shown by the occasional occurrence of 
pneumonia secondary to pneumococeus infection in 
other parts of the body. 

Knowing the fairly constant presence of pneu- 
mococci in the upper respiratory passages in the 
normal individual, it seems certain that some un- 
usual condition must arise to precipitate infection 
of the pulmonary tissue. Concerning the nature 
of these conditions, we have little but theories. 
‘They may rest either with the microbe or the in- 
dividual, or with both. The pneumococei which 
are normally on the mucons surfaces may undergo 
‘fn increage in virulence, or more virulent organ- 
isms from the outer world, or from pneumonic pa- 
tients, may be inhaled. The latter condition is an 
important one in relation to the contagiousness of 
pneumonia and the development of epidemics. 
Park and Williams found a larger percentage of 
virulent organisms in the sputum of pneumonics 
than in that of normal persona. It is possible that 
the pneumococeus in being passed from one patient 
to another undergoes an increase in virulence, sim- 
ilar to the increase which may be obtained by pass- 
ing bacteria through animals, 

On the other hand, it is very probable that es 
sential changes take place in the individual, 
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eros, pneumonia, however, and not all cnses of 








body temperature may decrease antibacterial ac- 
tivities; that the activity of the bactericidal fer- 
ments of the plasma or of the. be 
suppressed, or phagocytosis may Lo 
that organisme which reach the ha nd 
bronchial lymphatic structures are allowed to 

liferate. It is probable that in phere 
cytes continuously pass through the bronchial and 


alveolar walle where they may englobe foreign 
ticles (coal dust) or bacteria, and jenearoenne 
present on tho mucous membranes of the mouth 
cavity. Following exposure and the reduction of 
the body temperature, or following the prolonged 
inspiration of air, the activity of the phago- 
cytes may be inhibited 0 that cocci which reach 
these surfaces are not ingested and continue to 
proliferate, or the same conditions may deerease 
the exudation of the leucocytes from the yessels. 
It is possible also that the activity of the ciliated 
epithelium is reduced similarly so that the cocel 
are not 80 readily carried to the exterior. 

Extreme exposure is not always followed by 










nin are preceded by exposure; many other condi- 
tions may predispose to-infection, as a lowered 
resistance due to alcoholism, other infections or to 
non-infections processes. That certain local con- 
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ditions may favor infection is indicated by the fre- 

with which individuals with chronic tuber- 
culosis of the lungs die of pneumococeus pneumo- 
nia, and the development of the diseaze in areas 
of hypostatie congestion. Age is of influence. “To 
the sixth year the predisposition to pneumonia is 
marked ; it diminishes to the fifteenth year, but 
then for each subsequent decade it increases” 
(Osler). The cause of these variations ia not 
known, although the rise in later years may be 
associated with increased exposure. 

‘The conditions which predispose to infection are 
now the subject of active study in many labora- 
tories, and the commission which the New York 
Department of Health established for the study of 
anente respiratory diseases made important observa- 
tions as to the prevalence and virulence of pneumo- 
cocci, 

Many obeervers have found pneumococei in the 
blood in a large percentage of the cases, and recent 
work by Rosenow indicates that the blood is prob- 
ably. infected in all cases at some stage of the dis- 
ease, This being the case, the frequency with which 
pneumococens infections occur in other organs as 
complications of pneumonia is readily understood. 
Pleuritis is present almost constantly, pericarditis 
froquently, and the peritoneal cavity ia invaded not 
infrequently by way of the diaphragm, with genera} 
peritonitis as the occasional result. In pneumo- 
eoceus pleuritis the exudate is frequently of a 
serous character. Kndocarditis, meningitis and 
arthritis are frequent complications, Conjunctivi- 
tis, otitis media, cutaneous or subcutaneous infec- 
tions, intramuscular abscesses and osteomyelitis 
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develop. ‘The kidseye-end liver anally show. 
st degeneration b, 

loeoccis pmentncels Seth ate d 
in typhoid, diphtheria, tuberculosis, ary- 
sipelas and other infections, the of the 


primary infection also being found im the ae 
Not infrequently staphylococei,, ee ter 
erococcus catarrhalis, or the bacillus of Trntiand. 
er, are found with the pneumococcus, the latter 
being the predominating organism. Recent work 

from Phipps’ ne (Flick, Ravenel. een Er 
win) suggests that the pneumococous may be an 
exciting cause of pulmonary hemorrhage in the 
tuberculous, 

‘rephytaxts. — Prophylactic measures ane largely of an individ- 
ual character. One should not eome in contact un- 
necessarily with those suffering from pneumonia. 
The susceptible should be guarded against expos- 
ure; pneumonia should be considered as = conta~ 
gious disease, the patiente should be isolated, the 
sputum disinfected, and rooms ee with moist 
antiseptics rather than by dusting ‘sweeping; 
the giek room should be flooded with eunlight, and 
the mouths of convalescenta disinfected. 
ration in public places should be limited. To what 
extent the dust-laden atmosphere which 
in most of our large cities is a factor in causing 
pneumonia is unknown, Vaccination is not yet 
an established procedure. 

Immunity If is probable that the susceptibility of man 
=a! . varies greatly. Under equal conditions of expos- 
ure not all contract pneumonia, and an individual 
who eventually contracts the disease may have 
undergone many similar exposures proviously, 
Klemperer introduced a culture of the pneumocac- 
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cus which was virulent for rabbits under his skin 
without suffering more than temporary disturb- 
ance, 

Recovery seems to indicate an acquired immun- 
ity or resistance which is by no means permanent, 
and often is of very short duration. One may have 
as many as eight or ten altacks of pneumonia, the 
intervals between attacks being from three to five 
years on the average (Griswolle). What the re- 
corery or acquired resistance depends on is a mat- 
ter of much discussion, 

Neufeld and Haendel believe that the antibodies 
in pneumonia are inactive until a certain concen- 
tration is reached and that when a high enough 
development of antibodies occurs, there is a sudden 
neutralization of toxins with destruction of pneu- 
mococci leading to the crisis. These authors find 
that the serum of patients, who have passed the 
crisis, is protective for mice against many fatal 
doses of pneumococei. Other observers have failed 
to find any evidence that the crisis is due to anti- 
body production. The marked leucocytosis of 
pneumonia, and the known phagocytic power of 
the leucocytes for the diplococcus, suggest strongly 
the importance of the leucocytes for recovery. The 
strums of convalescents and of immune animals 
show no increased bactericidal power for the 
organism, nor are they strikingly antitoxic. The 
opsonic power of the serum in pneumonia is 
deoreased in the early stagee of the disoase and 
reaches ita height at the crisis and the following 
few days. 

Some of the serums which have been prepared 
have been used therapeutically in man, but the re- 
sults have not been sufficiently satisfactory to put 
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of pneumococci. The Perper ing 
ent strains probably ‘inet ba hence, a serum obtained 


by immunization with a Led 
would be effective against a q 

mococci. Furthermore, since erent oil aaa 
may respond to immunisation with a given organ- 
ism by the formation of amboceptors with different 
complementophilous haptophores, a theoretical ad- 
vantage is to be gained by mixing immune serams 
from several animals. ‘The amboceptors of one or 
moré of the serams may be susceptible to activa- 
tion by the complement of the patient's body, 
whereas if only one serum were used the chance of 
such activation would be decreased. Passler, in 
summing up the results obtained in the treatment 
of 24 cases with this serum, finds the course of the 
disease shortened, the temperature reduced and a 
tendency to limit the extension of the disease to 
other parts of the lungs. Aceording to Neufeld 
and Haendel the disadvantage of the various anti- 
serum lies in the fact that they cannot readily be 
given in large enough doses to be effective. 
‘The serum of pneumonia patients shows an in- 
creased agglutinating power for the pneumococeus. 
The maximum is reached at or near the time of 
crisig, but rarely has a higher value than 1 to 60 
to 1 to 60 (Neufeld, Rosenow). Tt disappears 
quickly after recovery. In immunized animals the 
agglutinating power may be pushed to much higher 
limite, Not all strains yield agglutinins equally, 
and not all are agglutinated equally by the same 
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serum. Acvording to Collins, pneumococci fall 

into different groups, depending on their agglu- 

properties; the same author determined 

aa Ses agglutinins in an immune 

werum. Neufeld states that avirulent strains were 

be agglutinated by the serum of pneumonic pa- 
its, 


Beginning with Fraenkel (1886), many have 
shown the possibility of increasing the resistance 
of susceptible animals to the pneumococcus by in- 
jecting first dead or avirulent and then virulent 
cultures; in this way the subjects can be made to 
withstand many multiples of the minimum fatal 
doses. Rosenow has been able to separate, by a 
process of autolysis, the more toxic part of the 
pneumococens, and the bodies of the organisms. 
By the use of the non-toxic part as antigen, a 
more rapid development of antibodies can be 
obtained, experimentally. than can be accom. 
plished with whole pneumococci; Rosenow has 
made this fact the basis of treatment of pnew 
monia by means of injection of the autolymed hod- 
ies of pneumococe! and has obtained encouraging 
results. It ie hoped that this procedure will be a 
valuable aid in hastening the crisis. 


OTHER INYROTIONS BY THE PNEUMOCOCCUS. 


Complicating infections by the pneumococcus 
during the course of pneumonia were mentioned 
above. They may occur by way of the lymph 
channels, as in plouritis, pericarditis and peritoni- 
tis (through the disphragm), by continuous exten- 
sion, as in infection of the bronchi, nose and, per- 
haps, the middle car, or aa metastatic infections 

* following the invasion of the blood stream by the 
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organisms, It ia undoubtedly in the last named 
manner that meningitie, endocarditis, arthritis, 
and muscular and subentaneous abscesses arise 

Rosenow has isolated from endocarditis cases 
pneumococci differing from the usual type im that 
they grow in clumps and adhere more or loss 
closely to the surface of blood-agar slants. They 
grow in chains and produce lees green on bhood- 
agar plates than do pneumococci of the usual type. 
In animal inoculation a tendency to localize on 
endothelial surfaces is shown, 

Other infections by the pneumococcus occur in- 


"’ dependent of the existence of pneumonia, Such 


conditions are alveolar abscesses, conjunctivitis, 
daeryocystitis, serpent ulcer of the cornea, in- 
flammation of the middle ear, meningitis, enteri- 
tis, rarely peritonitis, and pneumococeus septice- 
mia which may be complicated by infection in vari- 
ous organs. ‘The eye is exposed to infection from 
without and the ear from the pharynx, Primary 
pheumococous meningitis occurs both sporadically 
and epidemically, although the meningococeus is 
a much more frequent cause. The organisme may 
gain entrance through tho middle ear or nose, or 
through the circulation from a primary focus in 
another organ, perhaps an undiscovered focus. Pre- 
ceding ond during meningitis the nose is not in- 
frequently the scat of pneumococcus rhinitis, and 
the organisms may be enrried from the nose to the 
meninges by way of the lymph channels, The 
blood may be infected eecondarily. Pneumococeus 
meningitis is almost invariably fatal. The organ- 
ism causes chronic meningitis less frequently than 
the meningococcus. Infection of the peritoncam 
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may follow an intestinal infection ; a pure pneumo- 
eoccus infection of the peritoneum in the absence 
of pneumonia is extremely rare. Pneumococeus 
infections of the eye, ear, intestines and perito- 
neum are likely to be accompanied by other or- 
ganisms, 

Pheumocorens conjunctivitis occurs in epidemic 
form and the same precautions should be taken 
to limit it as for the limitation of influenza con- 
junetivitis. 

Serpiginous ulcer of the exe, a progressive phag- 
edenic process in the cornea, is usually caused by 
the pneamococeus, although other organisms may 
he present, Roemer treats the condition with 
am antipneumococcus serum and claims that he is 
able to arrest the process if the treatment is begun 
sufficiently early. ‘The serum is injected beneath 
the conjunctiva. 

II. STREPTOCOUCT. 

When wound infections, cases of septicemia and 
pyemia were first studied bacteriologically, various 
names were applied to certain cocci which were 
found. Such were the Microsporon septicum of 
Klebs and the Coccobacteria septica of Billroth 
and others, Pasteur recognized such organisms 
and cultivated them at an carly date, but Ogeten, 
in 1880 to 1884, using the newly-devised technic 
of Koch, was the first to recognize two sorts of 
pyogenic cocci, to which he gave the names of atrep- 
tococei and staphylococci. ‘The former grew in the 
form of chains and the latter in cluster. In 1883 
Fehleisen obtained the streptococens in pure eul- 
tures from cases of erysipelas. Rosenbach deter- 
minoi more exactly the significance of streptococci 
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Morpholony: 
spheroidal cell, about one micron in 
which grows in the form of chains 
length. Division takes place in o 
only. Variations in form, such bed 
cells in pairs or chains, or elongs lis 
bling bacilli, tas accidental stage 


diplococei in the blood and tissues of 
Unusually large cells may be involution forme 
‘The difficulty of distinguishing the pneumococcus 
from the streptococcus has been mentioned. — 
one time it was thought that bec could: 
be separated into those which grew in long chains 
(5. longus) and those which produce short chains 
(S. brevis). Although these names are still used 
for convenience, they are not well grounded, since 
the length of the chains is not an inkerent 

erty; one form may be changed into the other 
appropriate methods of cultivation. Similarly 

S. erysipelatis of Fehleisen is not a 

peapee yrs erysipelas, since straing —— 
sources are able to cause experimental erysipelas 
in man. Streptococci growing in short chains may 
be cultivated from the normal mouth cavity and 
they are usually of low virulence for animals. On 
the other hand, S. longus is more often obtained 
from wound infections, septicemia and mi 
tonsil) Capsulated strains of high vii 
are occasionally found in the body. Ordinarily, 
however, streptococci are not surrounded by a ¢ap- 
ule, The Streptococcus mucosus may be a pnen- 
mococens. Although streptococci are described 
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which do not stain by Gram’s method, those with 
which we are concerned invariably react positively. 
Stroptococei are never motile, poseess no flagella 
and form no spores. 

i grow better in a neutral or slightly 
alkaline medium than in one of acid reaction, but 
virulence is lost rapidly. ‘They may be cultivated 
indefinitely in media which contain serum or 
ascitic fluid, but even here virulence disappears 
gradually; frequent transplantation is necessary. 
In bouillon those straina which produce short 
chains or grow as diplococe: cause a diffuse cloud- 
ing of the medium, whereas those growing in long 
chains sink to the bottom, leaving a clear overly- 
ing fluid. Streptococei demand little oxygen, all 
are facultative bes and some are said to be 
obligate anaérobes; obligate anaérobes may be cul- 
tivated from the vagina and intestines, ‘The 
optimum temperature for growth is 37° C. 

When dried, streptococci live for-from ten days 
to several weeks; they are destroyed more quickly 
in the presenco of sunlight. Susceptibility to 
antiseptics depends an the nature of the medium 
in which they are suspended or imbedded. When 
unprotected by bouillon or other fluid they are 
killed in a few seconds by 1/1000 corrosive sub- 
limate and 3 per cent. carbolic acid (Fehleisen) ; 
when in bouillon, by 1/1500 corrosive sublimate 
and by 1/200 carbolic acid in fifteen minutes. Ly- 
ing on a mucous surface, where they are imbedded 
in mucus or tissue fluids, they are protected 
agninst antiseptics to some extent. They are fairly 
Tenstant to heat, being destroyed by a temperature 
of 10° to 75° C. in one hour (v. Lingelsheim). 
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mals fxr) mouse) it may be pushed 

high point; in doing this, however, the 

virulence of the culture undergoes mod 

For example, Marmorek so ea the 

of one strain that the millionth part of a cubic 
centimeter was fatal for rabbits, but it had lost its 
pathogenicity for man, as shown by inoculations 
into carcinomatous patients. Hence the patho- 
genicity of cultures for animale is not a good 
index of their virulence for man, ‘Those whieh 
produce long chains in bouillon are more patho~ 
genic than those forming short chains (¥. ‘Lingel- 
sheim). 

Rabbits and mice are the most susceptible ani+ 
mals. ‘The rat, guinea-pig and eat, and Jarger ani- 
mals, a the horse, got and sheep, are less sus- 
ceptible. A bouillon culture of which from 0.01 
to 1.0 cc. will kill a mouse or rabbit in from one 
to four day considered of high to moderate 
virulence. Virulent cultures cause systemic infor 
tion, regardless of the method of inoculation, 
Tess virnlent cultures produce changes whieh are 
more localized in character and which may heal: 

_ abscesses, areas of necrosis and orysipelatons 
inflammations. 

wrdotoxin. ‘The properties on which the virulence of strepto- 

eocei depends aro little understood. The conflict 

of opinion concerning many points probably de- 
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pends on the use of different strains of the organ- 
ism in experimental work. The amount of endo- 
toxin which virulent strains contain is subject to 
great variations. Aronson found practically none 
in the killed cells of a very virulent strain. It 
seems probable that the endotoxin is rather sus- 
ceptible to heat, since cultures which are killed 
by mild methoda, as by chloroform, are more toxic 
than those which are killed by heat. The filtrates 
of old bouillon cultures are more or less toxic. A 
strong “toxin” was prepared by Marmorek by 
growing a virulent strain in a mixture of serum 
and bouillon for three months and filtering the 
culture, More recently he uses a medium contain- 
ing glycocol und leucin, ‘Toxic precipitates from 
fluid cultures have also been obtained. Bouillon 
filtrates of virulent cultures after two to fourteen 
days of growth have low toxicity (Aronson), 
Besredka, and later G. F’, Ruediger, showed that * 


virulent streptococci produce a hemolytic toxin Le: 


when grown in various heated serums. Ruediger 
proved that thie hemolysin (streptocolysin) is a 
true toxin, possessing a haptophorous and toxo- 
phorous structure, This discovery has an im- 
portant bearing on the fact that the blood in fatal 
streptococcus infections, especially in rabbits, is 
often more or less laked. Streptocolysin is de- 
stroyed by a temperature of 70° C. in two hours, 
by peptic digestion, deteriorates rapidly at ardi- 
nary temperatures, and is non-dialysable. Certain 
normal serums contain antistreptocolysin (Rue- 
diger). Another significant fact is that virulent 
strains, when grown in serum and ascitic fluid. 

Ince a substance which kille leucocytes and 
inhibits phagocytosis. This may explain the fail- 
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vated from subacute or chronic processes produce 
more soluble toxin (nature unknown) than seotd 
oe the, alain ane rechten 

atreptocolysin, 

of other toxic constituents (Simon), Von Lingels- 
heim concludes that the infectionsness of strepto- 

cocci ia not explained by the toxie sannteati 
huve been demonstrated. He lays stress on their 
resistance to the bactericidal activities of the tis 
sues and tissue finids. It i¢ safe to say that up to 
the present time the essential toxin of the strepto- 
coccus has not been demonstrated. 

Streptococei are the frequent cause of wound im- 
fections, the most common cause of lymphangitis 
and diffuse inflammations of the subeutancous and 
intermuscular connective tissues (cellulitis), endo- 
metritis and puerperal septicemia, 
and tonsillitis, are often the exciting pees 
in pneumonia (lobular, usually), bronchitis, 
meningitis, inflammations of the serous surfaces 
(pericardium, pleura, peritoneum joints), enteritis 
and suppurative processes in the middle ear. ‘They 
are the exclusive cause of erysipelas, and serious 
attempts have been made to show that they are 
etiologic factors in scarlet fever and rheumatic 
fever. The streptococcus is the most common 
organism found in the lesions of impetigo conta- 
giosa, although it may be mixed with other bac« 
teria, expecially the staphylococcus. Occurring an 
mixed infections in pneumonia, tuberculosis, sears 
let fever, enteritis and other processes, they cause 
grave and often fatal complications. 
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Not all streptococci are able to cause erysipelas, 
and a streptococeus cultivated from a case of ery- 
sipelas is not able to cause the disease in all indi- 
viduals, Furthermore, cultures obtained from 
other sources (phlegmon) may produce the dis- 
case (Koch and Petrnschky). Koch produced an 
erytipelatous inflammation with staphylococcus. 
Tt has been suggested that streptococci which 
cause erysipelas, rather than some other process, 
do so because of some peculiarity in their virulence 
or in the resistance of the individual, or perhaps 
both. Another suggestion is that this type of in- 
fection depends on some peculiarity in the skin 
and subcutaneous tissue of the susceptible. The 
conditions are obscure, The infection atrium is 
not always known. In facial erysipelas entrance 
probably is gained through the mucous membrane 
‘of the nose in many instances. Erysipelas is a 
wound infection in most or all instances, although 
the atrium often escapes observation. The coeci 
lie principally in the lymph spaces and interspaces 
of the connective tissue. They are rarely to be 
cultivated from the scales or the fluid of blisters, 
but may be obtained from skin which is excised 
from the border of the inflamed area (Fehieisen). 
‘They probably are not excreted through the un- 
broken skin. 


Erysipelas is an inflammation of the superficial 
lymphatics of the skin, while in lymphangitis the 
deeper lymphatics are involved. Thrombosis of 
the lymphatic vessels, congestion of the adjacent 
blond veesels, causing reddened streaks and local 
hemolysis (7), ste distinguishing local features. 
Metastases occur to adjacent lymph glands and 
the infection may become general. In this process, 
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growth of the tubercle becillas 

Primary streptococcus meningitis is rare or of 
doubtful ocearrence. It frequently is secondary 
to otitis media, to injuries, and has heen noted 
following tonsillitis, facial erysipelas, pneumonia, 
endocarditis and ar part of a pyemic process. 

Streptococei are at times the eause of enteritis 
in children, the inflammation often being mem- 
branous and accompanied by desquamation of the 
epithelium and by hemorrhages. It is not infre- 
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quently followed by peritonitis and septicemia. 
Virulent organisms probably reach the intestines 
through milk in many instances. Eecherich found 
streptococci in nearly every sample of milk which 
he examined. Digestive disturbances due to other 
causes predispoze to infection. he organieme are 
neurly always present in the intestines of the 
adult, but cause enteritis less frequently than in 
children, 

‘The normal vagina doos not offer a good cul- 
ture medium for pathogenic bacteria, althougl 
streptococe’ are occasionally found there. They 
oceur more frequently in those who have borne 
children. The vagina tends to purify itself me- 
chanically and by the acid nature of ite secretions. 
Tf the secretion for any reason becomes alkaline, 
as in catarrhal conditions, or if it contains blood 
and serum, which provide a good culture medium, 
virulent streptococei proliferate, Infection takes 
place through denuded surfaces und tears; endome= 
tritis, metritie, parametritis, salpingitis, peri- 
tonitis and sepsis may follow. ‘Thrombosis of the 
blood vessels may he followed by the development 
of pneumonic foci. 

Streptococci are probably always present on the 
tonsils, the mucous membrane of the mouth, very 
frequently in the sputum and not infrequently on 
the mucous membrane of the anterior nares. Pre- 
sumably they proliferate under inflammatory con- 
ditions from whatever cause, finding in the serum 
and plasma which exude a medium favorable for 
growth and the development of virulence. They 
are of great significance in severe local inflamma- 
tions, as in diphtheria and searlatina, and when 
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erer. Not infrequently the vegetations contain 
staphylococei us well as streptococel. 

Since 1867, when Salisbury described a fungus 
which he called Zymotosie translucens,many micro- 
organisms have been described and cultivated from 
the joints, blood, endocarditic and pericarditic 
lesions and from the tonsils in acute articular 
theumatism. Among them were the “Monadinen” 
of Klebs (1875), short bacilli by Wilson (1885) 
and othere, staphylococci and streptococci by 
Weichselbaum (1885) and by many others, and 
an anaérobic bacillus resembling that of anthrax 
by Achalme (1890). Streptococci have been found 
more frequently than other organisms, The ba- 
cillus of Achalme acquired considerable prominence 
at one time, being found in rheumatism in a num- 
ber of cases, but it has been found since in other 
conditions, and normally, and Achalme himself 
gave up his original claims for its etiologic 
significance. The organism, possibly, is identical 
with B, aerogenes capsulatus of Welch (Harris). 
Many of the observations are of little value, since 
the cultures were made postmortem, when contami- 
nations and agonal invasions by other organisms 
could not be excluded. The conditions were very 
confusing, however, since the injection of pare 
cultures occasionally produced arthritis, peri- 
carditis and endocarditis in animales. This was 
the case with a short anaérobic bacillus or diplo- 
bacillus cultivated by Thiroloix, and by ‘Triboulet, 
Coyon and Zadoc (1897). 

Tn 1897-98 Triboulet and Coyon cultivated from 
the blood of five cases of rheumatic fever a diplo- 
eoceus, pure cultures of which caused arthritis, 
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eadocaniitis, etc., in rabbits. Similar observations 
cen made typ Westphal, Wassermann and 
3 tom and Paine, Reston and Wall 
bers, and the possibility of producing lesions 
haracterstic of rheumatic fever by the inoculs- 
res inte rabbits hes been well es- 
ough the organism was called a 
the discoverers, it can not be dis- 
mn the ordinary streptococcus pyo- 
> br ral testa. These discoveries do not, 
this particular streptococeus on a 
sates ry basis as the cause of the disease, since 
ms 2ouToes are able to cause 
t rabbits (Cole, Harris) 
somes virulent streptococe] from whatever 
on f Tous eurfaces, "This 
the frequency with which the 
are involved in strepto- 

The view of Singer 
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{ Mens veumation is simply 
C many manifestations of streptocoor 
Harris), finds some justification in 
sireptex esillitie with which the dis- 
an egins, the recovery of streptocecel 
n ~ the production of these lesions 
. ction of 
Poynton and Pa 
xn throat of a 
r md for Strep ? 
. =m ere during attacks of rhea- 
at In cases with joint «ymptoms and 
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. . in clinical symptoms it 


i 





SCARLET FEVER. 527 


rose above normal, The indices for Staphy- 
lococcus aureus, pneumococens and a strain of 
Streptococcus viridans from a normal throat 
did not show # variation from the normal, 
AggJutinins common to M. rheumaticus and strep- 
tococci were found to follow the same course as 
the opsonic index, Immunization of rabbite with 
M. rheumaticns resulted in the formation of opso- 
nins for both this organism and Streptococeus 
pyogenes, These findings would indicate that 
streptococe! play an essential part in acute: artieu- 
lar rheumatism. ‘The fact remains, howover, that 
streptococe! cannot always be cultivated from the 
lesions of rheumatic fever; hence it is possible that 
the organism may exist as a mixed infection with 
more or less constancy, and that the real cause is 
as yet unknown (Phillip). 


The theory that ecarlet fever is of streptococcus x 


etiology has been held particularly by Babes, 
Klein, Moser, Gordon and Baginsky and Sommer- 
feld. Some have held that streptococci isolated 
from the disease show distinctive properties and 
deserve the name of Streptococcus scarlating, This, 
however, is not agreed to by most bacteriologists, 
the organisms not differing from streptococci ob- 
tained from various aources, The organisms are 
not found constantly in the erythematous eruption. 

Virulent streptococci are found on the tonsils 
almost invariably in searlet fever. In 65 per cent. 
of the cases w membrane is formed (Ranke), and 
this is often due to the streptococcus, which is 
sometimes, however, associated with diphtheric 
infection. The frequency with which streptococci 
invade the blood during ecarlet fever ia related to 
the severity of the disease. Occasionally they are 
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certain strains have this effect (Zagari, cited by 
v, Lingelsheim). It is noted occasionally that lupus | 
improves or actually heals following an attack 

of erysipelas. A reputed effect of a similar nature 

in tuberculosis of the lungs was mentioned above. — « 

The clinical observation that an attack of | 
erysipelas often causes a decrease in the size of 
malignant tumors, especially sarcomas, received | 
some confirmation from the experimental work of 
Febleison, With the hope of reproducing erysipe- 
jas with pure cultures, Fehleisen had inoculated 
streptococci into those suffering from such tumors. 
Among six patients so inoculated, a decrease in the 
size of the tumor was noted in five, Killed eul- 
tures were tried without effect. Coley’s mixture 
of killed cultures of the streptococcus and Bacillus 
prodigiosus received rather extensive trial as a 
substitute for living cultures of the streptococcus, 
and in many instances improvement and even 
cures have been reported. Others have had no 
favorable results. Senn used the preparation in 
twelve cases of inoperable earcoma “with negative 
results.” The Bacillus prodigious is supposed in 
some way to increase the efficacy of the strepto- 
coocus toxin; it contains a toxic protein. These 
toxins seem to have no influence on carcinomas. 

Concerning the natural susceptibility and im- 
munity of man to infections with the streptococcus 
little is known. It seems probable that the un- 
impaired mucous surface resists invasion by the 
organisms which occur constantly in the mouth 
cavity; the physical protection of the intact sur- 
face, the rapid desquamation of epithelium, the 
rapid exeretion with the saliva, the inhibiting in- 
fluence of the saliva on the proliferation of bac- 
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as may be the case in scarlet fever, may lower the 
local protective powers. And, as stated, the serum. 
and plasma which exude in eatarrhal conditions 
or other presn provide a medium which 
favors the of virulence 
on Lhe development 

Concerning the conditions which, in the body, 
antagonize infection, we are largely in the dark. 
Tt has been ‘napa to demonstrate untitoxic 
and bactericidal subetances in the normal serum 
of man. Streptococci grow freely in fresh normal 
serum which contains no leucocytes (Weaver and 
G. ¥. Ruedigor). Phagocytosis of 4 
first came under the observation of Metnitan, 
who in 1887 noted it as a occurrence in 
erysipelas, Only the microphages took up the cocci. 
‘The marked lencocytosis which is noted clinically 
suggests, but of course docs not prove, that the 
lewcocytes take an active part in the destruction 
of the cocci. Experimental work showing such a 
relationship is not lacking, however. Bordet con- 
cluded that all the protection which guinea-pigs 
and rabbits show against streptococci is due to 
the phagocytes. In actual infection atreptococe! 
have often been found within the leucocytes of 
the blood and inflammatory exudates (G. F. Rue- 
diger.) Non-virulent or weakly virulent strains 
are ized more readily than the virulent in 
experimental work. Ruediger also demonstrated 
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conclusively that the streptococci taken up by poly- 
morphonuclear leucocytes may be killed by the lat- 
ter. Hence the evidence in favor of a protective 
réle by the leucocytes is more than presumptive. 
Ruediger suggests the importance of the leuco- 
cytic toxin of the streptococcus for the develop- 
ment of infection. It may either kill the leuco- 
cytes or cause negative chemotaxis, and under these 
conditions proliferation of the cocci may proceed. 

Weaver, Tunnicliff and Boughton have shown 
that the defonso of the body against streptococci 
depends on the power of phagocytosis on the part 
of the leucocytes as well as the opsonin, hence the 
estimation of the resisting power of tho body must 
be measured by the bactericidal power of whole 
blood. 

The streptococcus usually is classed with those 
organisms, infection with which does not cause the 
development of Insting immunity. A certain 
amount of immunity probably is established, how- 
ever. This is suggested by the results of Fehlei- 
sen, who could not always cause second attacks 
of erysipelas by the inoculation of pure cultures 
into the susceptible. It is also suggested by the 
ease with which relatively high resistance can be 
produced in animals by brief immunization, A 
streptococcus infection of the horse which occurs 
naturally (“Druse”) is said to produce immunity 
which lasts for a year or two. 

One may immunize animals either with toxic 
filtrates or with killed and living cultures, The 
filtrates are much leas effective in producing im- 
munity than the bacterial celle, and in the hands 
of many no immunity whatever could be estah- 
lished. 
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example, not all strains produce hemolysin to the 
same degree, and they differ greatly in their sus- 
ceptibility to the action of an agglutinating serum, 
We have also to remember that pathogenicity for 
animals is not a reliable index of pathogenicity for 
man. From these confusing conditions we can 
only regard the question of unity or multiplicity 
of streptococci as an open one, which may be de- 
cided by future investigations, 


‘The serums of Marmorek and Aronson are uni- Unt 


valent serums, a single strain being used for im- 
munization. Certain investigators, believing in 
the multiplicity of streptococci, utilize several 
strains in immunization. The serum of Denys is 
obtained by immunizing with several strains the 
virulence of which has been artificially increasod. 
Such a serum would, theoretically, have a wider 
range of action than a univalent serum ; it is poly- 
valent, Having in mind the fact that passing a cul- 
ture through rabbits increases the virulence of 
the organism for the rabbit, but alters its virulence 
for the original host (man), Tavel, Moser and 
Menzer prepare serums on a different basis. 
‘Tavel employs several strains of streptococci cul- 
tivated from pathological processes in man, avoid- 
ing such alterations in virulence as would be caused 
by passing the cultures through animals. On the 
assumption that scarlet fever is a streptococcus 
disease, Moser immunizes horses with strains 
{about twenty) which are cultivated from cases 
of scarlet fever. In a similar manner, Menzer, 
supposing that rheumatic fever is a streptococcus 
infection, immunizes with a number of strains cul- 
tivated from the tonsils of cases of rheumatism. 
Both Moser and Menzer avoid passage in order to 
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retain the original biologic properties of the eul- 
tures, 

In animal experiments, como of these serums, 
and particularly that of Aronson, have exhibited 
strong protective powers. Aronton’s serum in 
‘loses of 0,0004 to 0.0005 c.c. protects a mouse 
against ten fatal doses of the streptococcus given 
twenty-four hours later than the serum. A serum 
of which 0.01 ¢.c. protests aguinst a dose known 
to be fatal is considered of normal strength. The 
present seram, then, is of twenty- to twenty-five- 
fold value. In some instances animals can be 
savel when the seram is used some hours after 
infection, but this period is a brief one, 

Statements concerning the value of antistrepto- 
coccus serums in treating human infections are 
very conflicting. The serum of Marmorek has 
been given more general trial than any other, and 
the results have not been satisfactory. Favorable 
effects, such as the lowering of temperature and 
improvement in the general condition, have been 
reported, but the serum possesses no distinct cura- 
tive power in established infections. Koch and 
Petruschky deny that it has a prophylactic power 
in experimental erysipelus, Eseberich, by using 
the seram of Moser, and Baginsky, by using that 
of Aroneon, observed a shortening of the course, 
a reduction of the fever and general improvement 
in eases of acarlet fever, Moser claims that it re- 
‘uces the mortality of the disease. ‘The use of 
antistreptoraceus serum in the treat 
fever docs not commit one to the streptococeus 
otiology of the disease, but rather to the impor- 
tance of streptococcus complications; hence, if the 
danger of these complications can he reduced by 
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passed through animals. If passage is discon- 
tinued it reverts to its former condition. 

‘The variations are euch that the agglutination 
reaction is of little or no value in differentiating 
different types of streptococci, 

As to tho clinical value of the teat for the diag- 
nosis of scarlet fever, the conclusions of Weaver 
may be cited: 

1, Of streptococei cultivated from cases of scar- 
latina, some are agglutinated by almost all sear- 
latinal sera, but at dilutions varying from 1/60 
to 1/4000; others are agglutinated by the same 
sera with less constancy and at lower dilutions, and 
many are not agglutinated at all. 

2. Streptococei cultivated from cases of scar- 
lntina are agglutinated by sera from cases of lobar 
pneumonia and erysipelas at about the same dilu- 
tions as by scarlatinal sera, and in the ease of ery- 
sipelas even at higher dilutions. 

3. The same appears to be true of typhoid fever 
serum, so far as limited tests indicate, and to al- 
‘most the same extent of puerperal-fever serum. 

4. The agglutination reaction between the 
streptococci cultivated from cases of scarlatina and 
the serum from cases of scarlet fever is in no way 
specific, and can not be of any value a3 a meana of 
dingnosis. 

By growing streptococci on a medium which 
contains gerum (2erum bouillon), they form fewer 
‘and shorter chains and are better suited for age 
giutination tests, 


lL. g8TAPHYLOCOCCI. 


Staphylococei are spherical cells from 0.7 to 0.9 
microns in diameter, typically, and by light stain- 
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duced in Litmus milk, and the casein is precipitated 
and partly digested. The production of a proteo- 
lytic ferment is shown by liquefaction of gelatin 
and the formation of a clear zone about the eolo- 


Albumin is changed into peptone. Loeb distin- 
guishes between a ferment which liquefies 
(gelatinase, a “collolytic” ferment), and oue which 
digests albumen (tryptic ferment). Gelatinase is 
present in staphylococcus filtrates and normal 
berums are rich in antibodies for it. A fatsplitting 


in staphylococcus infection does not 
be due to the action of the proteolytic prey 
which digests the fibrinogen. . 

Van der Velde had noted in 1894 that “staphy- 


* lotoxin” (staphylococcus filtrates) cause hemoly- 


sis. Neisser and Woskabietis in 1901, by growing 
the organisms in bouillon of suitable alkalinity, 
obtained hemolytic filtrates, giving the name of 
staphylolysin to the hemolytic Principle. The hemo- 
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of gelatin, and other cultural properties. The 
Staphylococcus albus differs from the Staphylo~ 
coccus aureus only in its inability to form pig- 
ment, and it cannot be made to acquire this prop- 
erty. Pigment is formed most abundantly on 
potato, whereas little is formed on blood serum. 
Other pigment-forming varieties are: S. cereus 
flavus, 8. pyogenes citreus, 8. scarlatinus and 
Micrococeus hematodes, ‘Lhe 8, epidermidis albus 
of Welch is of low virulence. Weichselbaum 
obtained a 8. endocardititis rugatus from a case 
of endocarditis, Not all of theae varieties produce 
soluble toxins. The pigment of 8, aureus is an 
excretion product which is formed only in the 
presence of oxygen. It is insoluble in water, aol- 
uble in aleohol and ether, and gives the reaction 
of a lipochrome (i.e, the pigment may be saponi- 
fied and gives the lipocyanin reaction in which the 
pigment turns blue when treated with concentra- 
tod sulphuric acid). 

Aside from wide individual variations, the re 
sistance of staphylococci to heat depends on the 
concentration of the suspension, the nature of the 
medium (whether water, gelatin or pus), and 
whether the test is a dry or wet one (Neisser and 
Lipstein). Eighty degrees centigrade for one-half 
fo one hour kills them under all conditions, and 
60° C, for one-half hour kills many strains when 
suspended in bouillon, They are not killed by re 
peated freezing and thawing, and are yery resist- 
ant to desiccation, When in the form of fine dust 
they die in twenty-eight days (Kirstein), Hesist- 
ance to the action of sunlight is variable; some 
strains are killed in from three to five hours. 


—_ 


‘Mesistance 


‘of Corel, 


1/10,000 kills them in from five 
(Stilling). Formalin readily inden 
ment, but ite bactericidal 


very 

ture and are to be found peed in the super 

ficial layers of the epidermis (8. epidermidis al- 

bus). 

In infections the staphylococcus attracts ae 
‘s numbers of leucocytes, and the pus does not c 
late. The substance which attracts 
heat-resistant, since killed cultures 
all but the most superficial 

a characteristic result of infection is that of 
necrosis and the liquefaction of tissues. Neisser 
and Lipstein state that the necrotizing substance 
is a soluble toxin, since culture filtrates canse 
marked necrosis of the internal organs when in- 
jected (liver, heart, kidney). “Hence in staphylo- 
mycosis we can distinguish two active substances 
(v. Lingelsheim), the leucotactic substance in the 
bodies of the cocci and the more important soluble 
staphylotoxin which exercises not only a Tocal but 
also a general toxic action on the body" (Neisser 
and Lipstein). 
Amrita — Davidson produced amyloid degeneration in 

‘ation. rabbits and mice by the injection of living cultures. 
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This was confirmed by Lubarsch, who found the 
condition most readily produced in the chicken 
and with more difficulty in the mouse, rabbit and 
dog. It rarely results if suppuration is avoided. 
Killed cultures may be used. 

Rabbits and mice are the most susceptible ani- 
mals, The susceptibility of man is much greater. 
‘The organisms are most virulent for rabbits when 
injected intravenously, and a variety of lesions 
may result, a8 abacessee in various parts of the 
body (especially the kidney, heart and muscles), 
arthritis, endocarditis, ete. They are less patho- 
genie when injected into the pleural or peritoneal 
cavities, Rabbits are rarely to be infected by the 
feeding of cultures. In experimental infections 
degenerations of the axis cylinders in the white 
und gray matter, and of ganglionic cells, have been 
noted. The virulence of staphylococci is subject 
to great variations, and it may be increased by 
pussnge. In passing n culture through the rabbit 
eight times, v. Lingelsheim reduced the fatal dose 
for yabbits from 5 ¢.c. of a 24-hour broth culture, 
ta 1/100 cc., but a corresponding increase in viru- 
Jence for the mouse and guinea-pig did not occur. 
Virulence for animals is not_a_reliable index of 


virw Sit es 
‘The staphylococcus is the most common pus 


producer in man, The most frequent infections 
are those of the skin, the organisms gaining en- 
tranee through the hair follicles rather than 
through the sweat ducts (Unna), resulting in such 
conditions as acne pustules, absceas of the skin 
and subcutaneous tissue, furuncles and carbun- 
cles, They are found almost constantly in the 
Tesions of impetigo and often in pure culture. 
They have been much vaunted as a cause of 
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skin, however. It rarely causes aphthous inflam- 
mations, anginas, pneumonia, enteritis and cys- 






we the ploura, peritoneum and endocardium, 
rarely primary, but follow systemic infection; 
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endocarditis usually is ulcerative and leads to 
metastatic foci of infection. Staphylococci have a 
particular affinity for the bony tissues, especially 
the bone marrow and the periostenm ; they are the 
most common agent in the production of osteomyc- 
litis and cause the so-called periostitis albuminosa. 
It is thought that they may persist in bone lesions 
for a period of years and later start up a fresh 
process. They involve the joints less frequently, 
but have been found, presumably ‘as secondary 
agents, in acute rheumatism, and as the primary 
cause in pyemic abscesses of the joints. They are 
found occasionally in abacesses of the mammary 
and parotid glands, liver, Jungs, and in pyorrhea 
alveolaris (rare). The cultivation of staphylococci 
in a pure state from the tiseues does not of neces- 
sity indicate that they are the essential organism 
in the process (smallpox, rheumatism, etc.). Pre- 
vious infections by many organisms, and likewise 
traumas, predispose to localization of the staphy- 
lococeus, and any infectious process in the skin ie 
likely to be invaded by these organisms secondarily. 

Infections with the staphylococcus are charac- 


Mixed 
Infections. 





terized by both local and general leucocytoais, the immunity: 


local leucocytosis being a part of the suppurative 
process. As stated above, the staphylococcus con 
tains a thermostabile constituent, which exerts ) 
positive chemotatic effect on the leucocytes. Al- 
though it is possible to consider the accumulation 
of the leucocytes merely as the expression of 
affinity, it has been shown with sufficient clearness 
that polymorphonuclear leucocytes are able to in- 
gest living staphylococci and kill them. ‘They 





& Phagocytosis of stuphylococel was frat observed by 
Kireh tn 1889. 
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and thawing, trituration, 
or treatment with distilled water, the 
power of the fluid is increased, Presumably the 
leucocytes discharge their bactericidal contents into 
tho surrounding fluid as a remult of such inju- 
ries. The nature of the bactericidal substance is 
not known exactly; from the fact, however, that 
Jencocytes contain complement it has been suggest 
od that they discharge this tha complet eee then 
acte with amboceptors in the serum in destroying 
the organisms. It is possible that the cocci before 
they are Shela or leucocytes have absorbed 
amboceptors © their ingestion are suscepti- 
ble to the action of the endocellular complement. 
In contrast to the distinct bactericidal power éf the 
leucocytes stands the very low or entire absence of 
a similar action by both normal and immune 
serums, It would ecem, then, that the most power- 
ful agency in natural resistance to invasion by the 
staphylococcus is represented in the phagocytic 
and bactericidal activities of the leucocytes. Opeo- 
nins are essential for phagocytosis. 

Tn 1888, Richet and Héricourt showed that it 
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against the staphylococcus by immunization with 
pure cultures. 

One may immunize either with living or killed 
cultures or with culture filtrates. Immunization 
with the bacterial cells must proceed slowly in 
order to avoid killing the animals, When filtrates 
containing leucocidin or staphylolysin (hemolysin) 
are used, antitoxins for these substances are 
formed. ‘The antistaphylolysin obtained for one 
strain neutralizes the hemolysin of all strains. 
‘The most prolonged immunization with bacterial 
cells causes no appreciable increase in bacterioly- 





The serum of one who has recovered from 4 Protection 
staphylococcus infection, or that of immunized an- ¥erumm"® 
imale, is protective for other animals; 0.1 to 0.2 
ec. of an immune serum given subcutaneously | 

mice from a fatal dose of cocci given | 

two hours later, whereas other mice were killed in 
from 8 to 12 hours. When the serum was given 
24 hours in advance of the culture, from 0.02 to 
0.03 ec. saved them (v. Lingelsheim, cited by 
Neisser). The results of Petersen and of Préscher 
were similar, In epite of this rather strong pro- 
tective action, immune serums have little or no 
curative power. 

No clearer explanation of the action of the im- Preperticn 
mune serum is given than that afforded by the : 
experiments of Prischer, who injected guinea- 

Pigs, rabbits and mice with normal and immune 
serums and followed this 24 hours later with in- 
culation of the cocci into the peritoneal cavity. 





tempt made In the direction of passive Immuntention. 
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power of the serum is due to 
phagocytosis, and this in turn 
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ranculosis and many other chronic staj 
infections. Bouillon cultures are grown for three 
weeks and then killed by exposure to a 


the number of bacil 

This is done by mixing equal quantities 
vaccine with normal blood, and, after staining a 
preparation on a slide, determining the ratio of 
coc! to erythrocytes. There being al 5,000,000 
erythrocytes to the cubic millimeter in normal 
blood, the number of cocci is readily reckoned 
from the ratio which was found. 2,500 
millions to 7,600 millions of cocei may be given 
in an injection. The quantity to be used is 
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determined by the effect which an injection has on 
the, opsonic content of the patient’s serum. If a 
suitable dose has been given, there occurs a short 
negative phase in which the opsonins are decreased 
in quantity, and this is followed by a rather pro- 
longed positive phase when they undergo an in- 
crease. If too large a dose is given, the negative 
phase is exaggerated and prolonged. In many in- 
stances it has been noted that improvement and 
recovery go hand in hand with an increase in the 
opsonins. As in streptococeus infections the total 
resisting power of the body depends on the variu- 
tion in the capability of the leucocytes to take up 
and digest cocci a8 well as the opsonie action of 
the serum. 

‘The normal serums of man and many animals 
may agglutinate the staphylococens, but with no 
constancy. In one instance human serum aggluti- 
nated in a dilution of 1-100 (Kraus and Low), 
and normal goat serum in a dilution of from 
1-50 to 1-400 (Amberger, cited by Neisser), The 
serums from cases of staphylococcus infection 
(e. g., osteomyelitis) and of highly immunized an- 
imals undergo an increase in the quantity of ag- 
giutinins. The agglutination usually is strongest 
for the homologous strain, and if other strains are 
agglutinated equally it signifies close relation- 
ship to the homologous strain. 

From the fact that only pathogenic strains pro- 
duce hemolysin and leucocidin, Neisser and 
Weehsberg considered them specifically different 
from non-pathogenic strains. This view is borne 
out by the results obtained with the agglutination 
test. Serums obtained by immunization with 
pathogenic strains have a much higher aggluti- 
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are, however, many 
pigtail 
dicates variations in the receptor complex of the 


a sufficient variety of bi eit will be 
efficient in differentiating the latter from mon- 
pathogenic varieties by means of the agglutina- 
tion test. 

Wright, noting an increase in the agglutinating 
power when patients are treated by his method, 
considers that this increase is an i of the im- 
munity which is established. 


IV. MIOROCOCOUS CATARREALIS, 
For some years diplococei resembling the gono- 
coccus and the meningococens morphologically and 


Pfeiffer gave the name of Micrococcus catarrhalis, 
It is frequently found in the respiratory passages 
in influenza-like infections and other inflamma- 
tory conditions, and occasionally in lobular pnew- 
monia. It may be associated with the influenza 
bacillus or the pneumococeus. Among 140 cases 
of diseases of the respiratory passages Ghon and H. 
Pfeiffer found it 81 times, and M. Neisser demon- 
strated it in 16 cases of whooping-cough, in 
one of measles and scarlet fever, and in 
two of diphtheria.” It loses significance in relation 
to these diseases, however, since Jiindell found it 
frequently in the mucus of the normal trachea, 
and Weichselbaum cultivated it frequently from 
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the healthy nasal fos. According to Ghon, 
Pfeiffer and Sederl, “Micrococcus catarrhalis, 
without the association of other microbes, is able 
to cause bronchitis and pneumonia with the clini- 
cal type of pneumonia due to the pneumococcus. 
‘The symptoms caused by the Micrococcus catarrh- 
alig do not form a clinieal type. ‘They resemble 
infections by the pneumococcus or the bacillus of 
Pfeiffer (Influenza)” (cited by Bezancon and de 
Jong). Others are not so positive concerning the 
pathogenic properties of the organism. Ite etio- 
logic réle is not yet well established. It has little 
pathogenicity for animals, although peritoneal and 
pleural infection is possible in guinea-pigs, 

Tt differs from the gonococcus and meningococ- 
cus in certain cultural characters. 


¥. GONORRHEA AND OTHER {NFECTIONS WITH THE 
Goxococcus. 

A. Neisser discovered the gonococens in 1879, 
cultivated it in 1834, and demonstrated its specific 
relation to gonorrhea by the inoculation of pure 
cultures into the human urethra. It is a diplo- 
coccus, young pairs having a figure-of-eight con- 
tour, whereas older pairs show a typical biscuit 
‘or coffee-bean shape. The organism is non-motile, 
has no flagella and forms no spores, It can be 
cultivated only on media which contain serum, 
ascitic or a similar fluid. Its failure to stain by 
Gram’e method is of great diagnostic importance 
in the examination of urethral discharges; other 
organisms resembling the gonococcus are found in 
the urethra and vagina with great rarity. Tho 
reaction loses its differential value in the examina- 
tion of secretions of the nose, mouth, and, to come 
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duced in animals; the cocci are killed without be- 
ing permitted to proliferate. The endotoxin (gon- 
otoxin) is fairly resistant to heat, being destroyed 
ae aed prolonged exposure to a temperature of 
of 


Tn man the mucous membranes and endothelial 
surfaces are more susceptible to infection than 
other tissues. The urethra of male and female at 
all ages, the conjunctiva in the new-born, the 
vagina, uterus and tubes are probably the most 
susceptible. Less susceptible are the vagina in 
older women, especially those who have borne chil- 
dren, the bladder and, in adults, the conjunctiva. 
It is remarkable that there are so few cases of 
gonorrhea] ophthalmia in adults, considering the 
opportunities for infection, Infection of the 
mouth, nose and tear sacs is extremely rare. Ex- 
tension from the urethra to adjacent structures 
takes place eithor by way of the surfaces, as in 
involvement of the prostate, epididymis, glands of 
Bartholin, uterus, tubes, ovaries, peritoneum, blad- 
der and kidneys, or by way of the lymphatics os in 
infections of the periurethral tissue or cellular tis- 
sue of the pelvis. Usually infections of the bladder 
and kidney, and not infrequently of the prostate, 
Fallopian tubes and pelvic tissue are of a mixed 
character (staphylococens, streptoeoceus), but not 
necessarily so. Arthritis, tendovaginitis, endocar- 
ditis, which usually is vegetative but may be ulcer- 
ative, are the more common metastatic complica- 
tions. Tess frequent are pericarditis, pleuritis, 
subcutaneous abscesses and iritis. As to whether 
the cutaneous phenomena sometimes seen are due 
to metastases or are of purcly toxic origin seems to 
he undetermined. The blood stream may be in- 
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fected by way of the Ieuan oF | ca blood 
vessels (gonorrheal thrombosis). 

The influence of the enormous Mar acca 
the cocci on the course of gonorrhea is unknown. 

Since the ingested cocci usually have a isla 
form and stain well, it would seem that they resist 

the action of the lencocytic ferments. Likewise 
the nuclei of the leucocytes usually stain well, 
hence there is no evidence of a marked 

of the cocci for these cells. The mechanical im- 
prisonment of the organisms by the leucocytes 
may be of influence in localizing the infection. 

During the course of gonorrhea “there takes 
" place a pronounced metaplasia of the epithelium 
in which the cylindrical cells are changed into = 
more cuboidal and even pavement form.” Pollow- 
ing this change the gonococei are limited to the 
surface of the altered epithelium and 
more deeply only in the vicinity of the glands and 
crypts. “Eventually the gonorrheal process i# 
limited to such isolated points and the 
thereby enters into a chronic stage” (observations 
of Finger, cited by Neieser and Scholtz). 

The conditions which cause the subsidence of 
acute gonorrhea and allow it to persist as a chronic 
infection have been the subject of much specnla- 
tion, unproductive for the most part. Tt is not 
due to a decreaze in the virulence of the cocci 
since their original infectiousness is rtained for 
others; nor does the local resistance of the mucous _ 
membrane reach a high point, ainee reinfection, 
or better “superinfection” is possible at any time. 
A man euffering from chronic gonorrhea and 
having infected his wife, may again be infected 
by his wife when the gonorrhea of the latter has 
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become subacute or chronic, It has been 

that the condition in ehronie gonorrhea may be 
one of “mutual habituation between the mucous 
membrane and the gonococcus,” i, e., a habituation 
between this particular mucous membrane and 
this particular gonococeus. Because of prolonged 
existence under unvarying conditions, the growth 
energy of the organism may have become less, 
whereas, if it is placed in a slightly different me- 
dium (transference to another individual), its 
growth energy (ability to proliferate), becomes 
augmented, and reinfection of the original host 
with the same strain becomes possible. 

It has often been noted that subsequent attacks 
run a milder course than the primary infection, 
but susceptibility is always present. 

Mendez, Calvino, and also de Christmas have 
immunized with the cocens or toxic substances 
prepared from it. By growing the organism in 
serum bouillon de Christmas prepared a toxin, 
the toxicity of which was tested by intracerebral 
injections in the guinca-pig. Immunization of 
the guinea-pig resulted in a serum with antitoxie 
properties. Corroborative work has not been pub= 
properties. Torrey hae shown that by immuniza- 
tion of animals a serum may readily be prod 
which contains specific hacteriolysina, agglutinins, 
precipitins and complement deviation antibodies. 
Hamilton and others have found that in gonor- 
rheal vulvovaginitis the opsonic index is low in 
early etages and in those in which recovery does 
nat take place, and becomes higher with recovery. 

Torrey in 1906 prepared an antigonococcus 
forum by immunization of mbbite. Sinee that 
fime, a number of different serums have been pre- 
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the infection, i 


VI. EPIDEMIC CEREBROSPINAL -mINORERE, 
Acute inflammation of the meninges may 


= caused by a number of micro-organisms: ried 


coccus meningitidis, also called the Diplococcus 
intracellularis moningitidis, or briefly the men- 
ingococcus; Diplococcus pneumonia; Streptococ 
cus pyogenes; Staphylococcus pyogenes; Bacitlus 
influenza; Bacillus pneumonia; Bacillus iypiion 
sus; Bacillus colt communis; Bacillus mallei; Ba- 
cillus pestis. The first two of this number, the 
meningococeus and the pneamococcus, in addition 
to causing sporadic cases, also produce more or 
less extensive epidemics of so-called primary men- 
ingitis, That the pneumococeus may aleo cause 
meningitis secondary to pneumococeus infections 
in other parts of the body has been mentioned. 
Also the meningitis caused by the other pyogenic 
cocci usually is secondary to some other suppura- 
tive focus, often the middle esr; that caused by 
the organisms of typhoid, glanders, plague and 
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influenza occurs during the course of the diseases 
caused by the corresponding micro. 

Previous to 1887 diplococei resembling the paeu- 
mococcus had been found in the exudate in cases 
of cerebrospinal meningitis by Fok and Bordoni- 
Uffreduzzi, by Fraenkel and others. Weichsel- 
baum made similar observations during the same 
year, and in addition deseribed six cases in which 
a diplococens of another nature was present in 
pure cultures. To the latter he gave the name of 
Diplococcus intracellularis meningitidis. Exten- 
sive observations by others, both in Europe and 
America (Councilman, Mallory and Wright, and 
others), revealed the presence of the last-named 
organism in many instances, and showed that it is 
the most common cause of epidemic cerebrospinal 
meningitis. 

‘The meningococeus resembles the gonococcus 
closely in that it is usually found in biseuit-shaped 
paira, nearly always within pus cells, and does not 
stain by Qram’s method (Weichselbaum). It is 
properly to be called a micrococeus since it divides 
in two transverse directions (Albrecht and Ghon) ; 
fetrads, small groups and short chains are some- 
times seen. However, it forms no striking chains, 
ig non-motile and produces no spores. Growth 
may be obtained on some of the ordinary media 
(glycerin sgor), in which the organism differs 
from the gonococous, but a medium which contains 
blood or serum is much more favorable, It is an 
obligate nfrobe, grows beat at the body tempera- 
ture and virulence iz soon lost under artificial 
conditions. 

It produces a membrane on meat broth with 
clonding of the medium. Viability is retained 
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sory sinuses or middle ear, in many instances. 
From these places the coccus may readily reach the 
meninges by way of the lymphatic channels, or 
blood, The latter, according to Elser and Hun- 
toon, is probably the usual route. It has been 
found repeatedly in the noses of thoro ascociated 
with patients with the disease; in such eases an 
acute rhinitis may be present without the subse- 
quent dovelopment of meningitis. The clinical his- 
tory shows that the infection commonly is preceded 
by acute rhinitis. The inflammation in the menin- 
gee is always cerebrospinal in its distribution and 
is characterized by a purulent or fibrino-purulent 
exudate in which the diplococei are present in 
varying quantities. Diagnosis may often be estab- 
lished clinically by the microscopic or cultural 
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examination of the cerebroepinal fluid which is 
removed by lurnbar puncture. 

Acute encephalitis, acute bronchitis, lobar pneu- Gomp 
monia and acute arthritis have been observed as 
complications, in which organisms resembling the 
meningococeus have been found in a number of 
instances. An accompanying bronchitis, lobar or 
lobular pneumonia may be caused by mixed infee- 
tion with other organisms (pneumococcus, strepto- 
coccus, staphylococens). Since it would be diffi- 
eult to explain some of these complications except 
on the basis of metastasis, it seems very probable 
that the organism reaches the blood stream. Micro- 
cocci resembling the meningococcus have been 
found in acute bronchitis, rhinitis, lobular pneu- 
monia and conjunctivitis, in the absence of cere 
bral involvement, and it is possible that it may be 
the cause of independent inflammations in these 
tissues, Weichselbaum, however, is inclined to 
doubt the identity of such organisms with the 
meningococeus. Particularly in cases of bronchi- 
tia and lobular pneumonia the coccus may be con- 
fused with the Micrococcus catarrhalis of Pfeiffer, 
with which it is identical morphologically. 

‘The extent to which the meningococeus is a 
normal inhabitant of the nasal mucous membrane 
jis unknown. 

Since the organism seems to be excreted chiefly Tramzmission 
or only with the nasal discharges, the latter prob- tagtounness, 
ably are important for transmission of the infec- 
tion. Because of the low resistance of the organ- 
ism to desiccation ond light, transmission prob- 
ably is a fairly direct one. This is suggested also 
by the occasional occurrence of epidemics in insti- 
tutions, Contagiousness is of a rather low order; 


~ | 











MENINGITIS 8BRUM. ool 


corebrospinal fluid does not contain opsonin for 
meningococel. 

In 1906, antimeningitis serum was prepared in 
thie country by Flexner and in Germany by Kolle 
and Wassermann and Jochmann. The report of 
Kolle and Wassermann was the first to appear. It 
was quickly followed by that of Jochmann and 
Tater by that of Flexner. 

Flexner prepared his serum as follows: Horses 
were inoculated subentaneously with one-fourth of 
a sheep’s serum agar slant culture of meningococe! 
which had been killed by heating to 60° C, for 
thirty minntes. The dose was doubled at each 
subsequent injection until nn amount equal to 
four test-tnbe growths could be given at intervals 
of from five to seven days. Alternate injections 
of living organisms and antolyznte of organisms 
were then given at seven-day intervale, in increas- 
ing doses until large quantities were given. The 
serum prepared in this way contains bacterialytic 
amboceptors, opsonins, agglutinins and comple- 
ment-fixation antibodies. It has alao an antitoxic 
action on toxic autolyzates of meningococci, 

Nearly all the above-named antibodies have been 
used to estimate the therapeutic value of the 
serum, Jochmann, and Kolle and Wassermann 
estimated the strength of antimeningitis seram by 
the protection afforded mice and guinea-pigs 
against live meningococci. The method is unsatis- 
factory because of the difference of virulence of 
various strains of meningococci. Jobling con- 
eludes that the estimation of the dilution of the 
serum at which opsonic action is still present gives 
the best indication ns to the value of the serum. 
“As a definite and suitable standard of strength 
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gle injection should not 
30 cc. It is desirable, 
appear essential, to withdraw from the spinal 
at least as much fluid as the amount of 
to be injected. ‘The injection should 
slowly and carefully to avoid the production 
symptoms due to increased pressure. This 
caution ehould be exercised especially where 
quantity of cerebrospinal fluid withdrawn is 
than the amount of antiserum to be injected. 
“The injection of the antiserum 
repeated every twenty-four hours for three 
days or longer. Whether any advantage 
gained by more frequent or more m 
tions than here indicated a wider experience must 
decide, As much as 120 cc. of the antiserum have 
been injected into the spinal canal in four days 
without causing unpleasant symptoms. 
“The evidence indicates that the earlier in the 
course of the disease the injections are made the 
Settee: Ds Ren, besr an se Ay = 


th 







a 








agli 





INFLUENZA. 668 


better the results. Hence, should the film prep- 
aration of the first fluid obtained by ¢pinal punc- 
ture show Gram-negative diplococei, some of which 
are within leucocytes, an injection should be made 
immediately and without waiting for the results 
of culture tests. Should the diagnosis be left in 
doubt or the disease prove later to be of another 
nature than epidemic meningitis, no harm will be 
done by the injection of the antiserum. 

“Although the best results have thus far been 
obtained where the antiserum has been injected 
early in the disease, yet the seram should be used 
in its later stages also until our knowledge goy- 
erning the value of the serum becomes more pre- 
cise. The indications at present are that it is 
useless to employ the serum in the very late stnges 
of the disease in which chronic hydrocephalus is 
already developed.” 

Flexner and Jobling conclude from an analysis 
of a large number of reports of the use of anti. 
meningitis serum, that the serum is of value in 
reducing the period of illnoss and diminishing the 
fatalities due to the disease. The figures of Dunn 
show that in the Boston Children’s Hospital, the 
mortality before the use of the serum, from 69 to 
80 per cent., was reduced to below 20 per cent. 
after the use of the serum. 


YH, INFLUENZA, 

Influenza occurs sporadically and in epidemics 
of greater or less proportions. Its extreme con- 
tagiousness is shown by the striking rapidity with 
which it spread over the whole civilized world in 
the epidemic of 1889 and 1890, leaving behind it 
a trail of lesser epidemics which have prevailed up 
to the present time. 
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smallest of bacteria (0.2 or 0.3 by 0.5 rmlerons); 
non-motile and forms no spores. A medium con- 
taining blood or hemoglobin is essential for its 
artificial cultivation, and even under the best con- 
ditions it grows meagerly and slowly, A number 
of bloods, but particularly those of man and the 
pigeon, favor its growth. It is a srona gies: 
‘The organism is best stained by a dilute of 
carbol-fuchsin (1 to 10), and, like the 
bacillus, exhibits polar eal i.e, the ends 
stain more deeply than the central portion. 
Symbiosis, — When the staphylococcus and some other organ- 
isms are grown in mixed culture with the influ- 
enza bacillus, the latter is stimulated to a more 
vigorous growth. According to Jacobsohn, killed 
cultures of the streptococcus greatly increas: the 
virulence of the influenza bacillus when the mix- 
ture is injected into animals, 
Pfeiffer designates aa pscudoinfluenza bacilli a 
ii, number of influenza-like organisms which have 






been found in man and animals. They have the 
morphology of the influenza bacillus, are a little 
larger, and also prefer a medium which contains 
hemoglobin, but since some of them occur in ani- 
mals which are known not to be susceptible to in- 
fluenza, it is concluded that they can not be identi- 
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cal with the influenza bacillus. The influenza-like 
bacillus which Jochmann and Krause consider as 
the cause of whooping-cough, may be mentioned | 
in this connection, | 

The resistance of the bacillus to desiccation, Regintance | 
sunlight and unfavorable temperatures is ety Het Virnlonee, | 
It dies in from twenty-four to thirty-six hours 
room temperature, when contained in sputum, Sad 
lives for about thirty- -two hours in hydrant water 
(Pfeiffer). It is not highly virulent for animals, 
although a condition said to resemble influ- 
enza has been produced in monkeys by placing 
pure cultures on the nasal mucous membrane. 

Fatal infections may be produced by intra- 

venous inoculation of the bacillus into monkeys 

and rabbits, and killed cultures produce a fatal | 
intoxication in rabbits. Virulent cultures in sufli- y 
cient quantity produce fatal peritonitis in guinea- ( 
pigs. Since the bacilli seem not to proliferate 

when fatal quantities are injected intravenously h 
into rabbits, und since fatal intoxication, without 
the occurrence of bacteriemia, may take place | 
when a tracheal infection is induced in the ape 

(Pfeiffer), it is concluded that the toxic phenom- 

ena of influenza are due to the absorption of bac- 

terial toxins from the mucous surfaces. A soluble 

toxin has not been obtained in culture media. The 

organism is a facultative pus producer, 

‘So far ax ix known, the influenza bacillus is ox- Risingtioe 
creted only with the sccretions of infected surfaces, | 
i. e, from the upper respiratory passages, con- 
gunctiva, ear, ete, The belief, commonly held, 
that the influenza bacillus does not enter the cir- 
culation probably is erroneous. ‘That metastatic 
infection is possible, by way of the lymph or blood 
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sents the bronchial exudate, In influenza pneu- 
monia, which usually is of the lobular 
hacilli, mixed with pus cells and contained in 
them, are found in large numbers in the alveoli. 
Pure cultures of the bacillus have been obtained 
from cases of conjunctivitis, and they oceur not 
infrequently in middle-car complications which 
develop dur the course of the disease. Tnflu- 
‘hea conjunctivitis sometimes occurs in epidemic 
form, particularly in institutions and schools. 
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Pneumonic foci which develop during influenza 
frequently show the pneumococcus, and sometimes 
the streptococcus or the bacillus of Friedlander in 
addition to the influenza bacillus, and similar 
mixed infections oceur in pleurisy and in middle- 
ear diseases, Influenza may be superimposed on 
other infections; individuals suffering from pul- 
monary tuberculosis are particularly susceptible to 
influenza, and in them the prognosis is unfayor- 
able, 

‘The disease is transmitted directly from man to 
man and, chiefly, it is supposed, by means of in- 
fected droplets of sputum which are expelled in 
coughing and sneezing. Obviously kissing affords 
opportunity for infection, Infection by indirect 
contact is of less importance because of the rapid 
death of the bacillus after it leaves the body, but 
living germe may well be disseminated by soiled 
handkerchiefs or other contaminated linen. Dust 
infection possibly is of minor consequence, Chronic 
influenza in which the bacilli may persist in the 
bronchi for weeks, and cauze recurrent acute at- 
tacks, is of importance for the maintenance of an 
epidemic. In tuberculous cavities the bacilli may 
flourish for long periods. 

Primary infection takes place in the upper res- 
pitory passages, and the discase extends readily 
from one surface to another, as from the nose to 
the pulmonary tissue. Infection of the ear usually 
is a complication of pharyngeal or pulmonary in- 
fection, Occasionally an influenza conjunctivitis 
is found without other localization. “Primary” 
infection of other organs, as the brain and perito- 
neum, are metastatic, although the original focus 
or atrium may not be observed, 
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by 
ing children are less susceptible than older people 
seems to have some foundation, although it ix well 
known that they are not entirely immune. Influ- 
cenza is sometimes cited ag an infection in which 
one attack creates a predisposition for a second, 
but the trath of doubted by many who have 
bad extensive experience with the disease, Wats- 
dorff, in a study of the epidemic which ied 
in Germany during 1891-92, finds in the small 
number of cases, the irregularity of their distribu- 
tion, and compartive exemption of rather large 
districts, reasons for believing that one attack eon- 
fors a degree of acquired immunity; that is to say, 
the population had been so thoroughly infected 
during the preceding year or two that compara- 
tively few remained who were suaceptible, although 
the disease iteelf appeared to be more malignant 
than in the previous year (cited from Beck). 
However, the occurrence of eccond attacks shortly 





after the first, and of repeated infections in some 
individuals indicate that acquired immunity is of 
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short duration. The aged, those of low vitality, 
and those with pulmonary tuberculosis, have low 
resistance to infoction, 

Although Delius and Kolle were able tp produce 
a slight increase in the resistance of guinea-pigs 
by the intraperitoneal injection of cultures, noth- 
ing like a well-marked immunity was obtained; 
nor did the serum of immune animals or convales- 
cent man show inereased protective power for 
other animals. Slatinéano, however, obtained 
serum of some protective value for guinea-pigs, 
by the immunization of rabbits and guinea-pigs, 
but it had no curative effect. The results of Can- 
tani were similar, and both observers noted the de- 
velopment of bactericidal power, as determined hy 
the Pfeiffer reaction, and of agglutinins. At pres- 
ent there seems little to hope from vaccination, 

‘There is said to be some increase in agglutinins 
in man as a consequence of infection. The agglu- 
tinating power of the serum of an immunized ani- 
mal may be as high as 1 to 500 (Cantani). 


VILL, SOFT CHANCRE. 


‘The independence of soft chancre and syphilis, 
and the infectionsness of the former by inoculation 
with the purulent secretions of the ulcers, were 
established long ago. Rollet found that filtered 

. pus lost its infectiousness. 

A large number of observers had found bacteria 
of one kind or another in the pus and in etained 
sections of the walls of the ulcers, and probably 
tome of them (e. g., Unna), had seen the bacillus 
which Duerey described (1889) and later culti- 
vated, and which is now proved to be the cause of 
the disease. The bacillus is very emall (0.4x1.5 
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was unsuccessful because the bacilli were phago- 
cytined by the leucocytes (Babes). 
An ulcer resembling that of soft 











FRIEDDANDER'S BACILLUS. 671 


In man the infection is transmitted to the in- 
guinal lymph glands, but never becomes general. 

‘One attack in man does not confer lasting im- 
munity. Spontaneous recovery occurs, but its 
cause is not known. Inasmuch as the bacilli are 
found within leucocytes, phagocytosis may be a 
factor in recovery, The readiness with which the 
autoinoculation of adjacent skin takes place, even 
after the disease has existed for some time, sug- 
gests that general immunity is not established. 


1X, BACILLUS OF FRIKDLANDER AND OTHER MEM- 
BERS OF THE CAPSULE-FORMING GROUP, 


‘The bacillus of Friedlander, or Bacillus pneu- 
monia, is the type of a rather large group of bac- 
teria, called the Friedlander group, or the group 
of Bacillus mucosus capsulatus. In addition to 
the ability to produce a mucus-like capsule or en- 
velop, they have in general the following charac- 
teristics (Abel): short, plump rods, varying in 
their proportions, having no motion, no flagella, 
no spore formation, and not staining by Gram’s 
method. They form mucus-like masses in cul- 
tures, do not liquefy gelatin and are facultative 
anaérobes. They are widely distributed in nature, 
vary from innocuousness to extreme pathogenicity 
for animals, are rarely found in the mouth, nose 
and bronchi normally (bacillus of Friedlander), 
one type being a normal inhabitant of the intes- 
tines, especially in children (B. lactis aerogenes). 
Per) has been able to classify the members of 
this group on the basis of their fermenting powers 
for lactose and saccharose. He found their viru- 
lence for animals, immunization and agglutination 
tests, too variable to serve as bases for classifica~ 
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CHAPTER XXVIL 
GROUP IV. 


Infectious diseases which usually are chronic, 
but may run acute courses. They are characterized 
by marked local tissue changes, which exert a lim- 
‘iting influence on the processes, and include the 
infectious granulomata, excepting syphilis. Infec- 
tion produces little or no immunity, Tn some in- 
stances the prolonged immunization of animals in- 
-duces increased resistance to infection (tubereulo- 
sis) ; in other instances this has not been deter- 
mined, or is difficult of determination because of 
tho non-susceptibility of the animals used to 
the corresponding infections. The serums of im- 
munized animals, in so far as this subject has been 
‘investigated, show little or no protective or cura- 
tive power. 

I. TUBERCULOSIS. 

Klemke, in 1843, but more particularly Ville 
min, in 1865, demonstrated the infectiousness of 
tuberculosis by animal experiments, and these re- 
sulis were substantiated later by such investigators 
as Klebs, Chauveau, Baumgarten and Cohnheim. 
Baumgarten first saw the tubercle bacillus in seo- 
tions of tuberculous material from which the tis- 
sue cells had been dissolved by potassium hydroxid, 
and at almost the sarne time Koch succeeded in 
demonstrating its presence in all tuberculous 
lesions by a special staining method. He eventu- 
ally obtained the organism in pure cultures with 
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which he again produced tuberculosis in 
ment animals, 

‘The tubercle bacillus is an obligate aérobic pa 
site, has the form of a elendér, non-flagellated rod, 
often slightly curved, from 2 fo 4 microns long 
and from 0.3 to 0.6 microns broad. Tn stained and 
oven in unstained specimens, when properly 
treated, a number of spherical, oval or elongated 
clear spaces can be ¢een which Koch at one time 
thought to be spores. They are now considered 
either as vacuoles, or as representing same form of 
degeneration or reserve nutritious material. Spore 
formation is uncertain. The organism is sup- 
posed to possess a membrane which may be re- 
sponsible for its strong resistance against heat and 
desiccation, Feinberg speaks of a nucleus (?) which 
may be demonstrated by a modified Romanowsky 
stain, The organism shows many variations in its 
morphology under different conditions, It often 
oxists in isolated clumps, either in cultures or in 
tissues, and may be excreted as such in the urine. 
In certain cultures and eometimes in animal tis- 
sues it grows in the form of longer or shorter 
branching threads, in this respect resembling acti- 
nomyecs. ‘This last occurrence has led a number 
of authorities to class the tubercle bacillus as a 
streptothrix, while others would give it an inter- 
mediate position between true bacteria (schizomy- 
cetes) and the streptothrix (a hyphomyces). Oval 
or spherical degeneration forme, the capsules or 
corpuscles of Schriin, are found in advaneed tuber- 
culosis of the lymph glands and other organs in 
which there is a great deal of necrosie. 

‘The tuberele bacillus is one of a group of organ- 


jams which are said to be “acid fast? in their 
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staining properties. When stained with the carbol 


fuchsin of Ziehl und subjected to the action of ™ 


minoral seids in dilute solutiona the fuchsin ie not 
removed. After counterstaining with methylene 
blue, the tubercle bacilli appear red, whereas other 
organisms, not “acid fast,” are stained with the 
methylene blue. Tt is not difficult to recognize the 
bacilli in sections of tissue when the proper technic 
is used, although the search is at times a laborious 
one. In old processes the organism often can not 
be recognized, and recourse to animal inoculation 
may be necessary in order to demonstrate the ex- 
istence of tuberculosis, 

Much has demonstrated in such easee, however, 
the presence of granular forms of tuberele bacilli 
which are not acid fast but which stain by a modi- 
fication of Gram’s method. 

Ordinarily it is a dificult task to obtain the 
tubercle bacillus in pure culture, and the technic 
we need not consider here, Even under the best 
conditions growth is very slow, and may not be 
recognizable to the naked eye for from six to ten 
days. Coagulated bovine serum to which has 
been added from 2 to 4 per cent. glycerin is the 
most favorable culture medium. Good growth oc- 
curs also in glycerin agar, in glycerin bouillon 
and on potatoes, The optimum temperature is 37° 
C.; growth does not occur above 42° C, nor below 
20° ©. When a small amount of culture is planted 
on the surface of glycerin bouillon it proliferates 
slowly to form a heavy membrane. In time this 
growth sinks from its own weight and a new mem- 
brane forms. This process continues until large 
cege have accumulated at the bottom of the 

ask. 


Cultivation, 
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hou: op toe moist ses a temperature 
of 55° C, kills it in from four to six hours, 60° C, 
in one hour, 70° ©. in from ten to twenty minutes, 
80° C. in five minutes, from 90° to 95° C. in from 
one to two minutes. When embedded in sputum 
it ia more resistant, flve minutes being i 
kill it at the boiling temperature. Corrosive sub- 
limate is not a good disinfectant in this case, inas 
much as it produces an albuminous precipitate 
around the organism which prevents penetration 
of the sublimate. Five per cent. carbolic acid 
added to equal parts of sputum kills the baeil- 
lus in 24 hours, Formalin vapor is a good dis 
infectant for dry, but not for moist sputum, Todo- 
form is not a good disinfectant, in spite of itx bene- 
ficial influence on the infectious process. The re- 
sistance of the bacillus to gastric digestion has an 
important bearing on the occurrence of infection 
in the intestinal tract. he gastric juice of the 
dog, in one instance, failed to kill the bacillus after 
six hours’ exposure, although it had the power of 
prohibiting proliferation, 

‘The bacillus of human tuberculosis, although 
fairly constant in its virulence, may be attenuated 
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by various means, Its prolonged existence in putrid 
sputum decreases its virulence and a similar de- 
crease occurs on potato, in old cultures or in those 
which contain iodoform, boracic acid and some 
other substances. Inoculation with such cultures 
produces a chronic form of tuberculosis in animals 
_ Which may heal. In other instances cultures which i 
have grown on artificial media for many years re- 
tained their original virulence, 

‘The organism contains about 90 per cent. of t 
water. One-fourth of a dried bacterial mass may § 
be extracted as a wax-like or fat-like substance by J 
a mixture of aleohol and ether. The acid-fast 
staining property of the bacillus depends on this 
substance, The romaining portion of the mass, 
consisting largely of proteins, which may be ex- 
tracted by dilute alkalies, contains a toxic nucleo- 
albumin. Cellulose, representing a portion of the 
capsular substance, is also found in the residue. 

Killed cultures when given subcutaneously pro- Toxte 
duce necrosis, abscesses, cascution, marasmus, and "7°*¥et™ 
a subnormal temperature. When given to rabbits { 
and guinea-pigs intravenously they cause rapid 
emaciation and death in from a few days to a few 
weeks. By beginning with very minute doses, how- 
ever, the animals may be gradually habituated to 
intoxication by the dead bacilli and eventually 
withstand large doses. The same holds true of the 
various toxic substances, including tuberculin, 
which may be extracted from cultures, The pro- 
teins and alkaline extracts cause abscesses when 
given subcutaneously. The fever-producing sub- 
‘stance which is present in the preparations men- 
tioned below is one of the metabolic products of 
the bacillus, rather than a constituent of the bac- 
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tain curative effects, Its preparation is 
Cultures are allowed to grow for 
in. apse RS IS 
exposure to a ure 0 o. 
for one hour (Marx). ‘The fluid is reduced to one- 
i under 3 


active subatanoe in tuberenlin may be preeipitated 
by 66 per cent. alcohol; its chemical nature re- 
mains unknown, 

In addition to the “old tuberculin,” which has 
just been described, Koch has made several other 
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preparations having similar properties, the use of 
which has been proposed feat Uinguoet and cura- 
tive purposes and for convenience in carrying out 
the agglutination reaction. One of these, “TA,” 
is an alkaline preparation which is made by ex- 
tracting cultures with 1/10 normal sodium hy- 
droxid solution, Its diagnostic value was equal 
to or exceeded that of tuberculin because of 
the longer duration of the reaction, However, in 
view of the fact that it contained undissolved 
cells, which caused the formation of abscesses at 
& scl Se of injection, its use was not encouraged. 

‘or purposes of immunization Koch prepared a 
fad which contained all the bacterial constituents 
and which at the same time is readily absorbed 
without abscess formation. For its preparation 
dried masses of the organism are ground up in an 
agate mortar; after suspension in distilled water 
and centrifugation, the emulsion consists of two 
layers. ‘The overlying opalescent whitish fluid was 
designated as “LO” (Tuberculin-Obers). After 
removal of the fluid from the precipitate the lat- 
ter was again dried and ground, suspended in 
water and centrifugated ns before, and the process 
repeated until none of the sediment remained, 'The 
different fractions of fluid, except the “TO,” were 
combined to constitute “I'R” (Tuberculin-Rest), 
which is really an emulsion of minute fragments 
of cells. It is readily absorbed and does not cause 
the formation of abscesses. This is commonly 
called Koch's “new tuberculin.” Still another 
preparation which Koch later devised for active 
immunization and for convenience in performing 
the agglutination test consists of dried and ground 
up bacilli which are suspended in equal parts of 
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Dect 
wk win ft preprain 
the oxytuberculin of Horschfelder, the 
MDD" and the “EDR” of Behring and the tubereas 
loplasmin of Buchner. Marmorek claims to hare 
obtained the true toxin of the tuborcle bacillus 
growing young, vigorous cultures on a 
medium, denying that tuberculin represents the 
true toxin of the organism. 
Tubereulin can not be standardized with aceur- 
" acy. Because of the of 





when injected into a healthy guinea-pig, causes 
neither a local nor a general reaction, whereas 
from 0.1 to 0.15 cc. kille a tuberculous guines- 





jection into healthy guinea-pigs, because 
of the extreme toxicity of tubereulin when 
introduced into the central nervous system; 


ccm. = 1,000 M.” moans that one gram of the 
toxin is fatal to 1,000 grams of guinea-pig tissue. 
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His “TD” haz a value of 1,260 M., and “TDR,” 
12,500 M. For the standardization of old tuber- 
culin, the following method is used in the Rayal 
Institute for Experimental Therapy, at Frankfort, 
Germany; Two series of guinea-pigs infected 
with a pure culture of tubercle bacilli are injected 
with decreasing doses of tuberculin, In one series 
a standard preparation of tuberculin is used; in 
the second series, the tuberculin to be tested is 
utilized. If the minimum fatal dose of the sample 
to be tested is the same as the standard, it is of 
official strength, If stronger than the standard it 
is diluted to the desired etrength. If weakor it is 
concentrated by further evaporation. 

The tubercle bacillus undergoes no proliferation 
outside the body and ita occurrence in nature de- 
pends on the distribution of the infected excro- 
tions, particularly the sputum, of man. Hence it 
is found most abundantly in the rooms and homes 
of patients and in tuberculous wards of hospitals. 
Reception of sputum on the handkerchief of the 
patient, where it subsequently dries, and its dis- 
charge on the floor in public places, where it quick- 
ly becomes pulverized, as in strogt cars, are condi- 
tions which favor dissemination and the infection 
of others, In unconfined places which are exposed 
to the action of light and sun, as the streets and 
sidewalks, the danger is loss on account of the 
shorter life of the organism under these conditions 
and the greater volume of surrounding air. The 
calculation of Heller that a tuberculous patient 
may excrete 7,200,000,000 of bacilli in a day sug 
gests the number which may lurk in a single mis- 
placed portion of sputum. Sputum which is kept 
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protests followed the announcement of Koch’s 
views, and in a hort time a number of investiga- 
tors showed, first, that it is possible in some cases 
to produce tuberculosis in cattle with tuberculous 
materin! from man, and, second, that infection of 
man with the bovine bacillus is possible. Un- 
questionable proof of the latter consists in the de- 
velopment of localized tuberculosis in those who 
have performed autopsies on tuberculous cattle 
(Ravenel and others). Tn an examination of 436 
eases of human tuberculosis, Park and Krumwiede 
found bacilli of the bovine type in fifty-two casce 
(119 por cent.), In persons aver 16 years of age, 
constituting 297 of the 436 cases, one case of 
tuberculosis with bncilli of the bovine type was 
found (0.39 per cent.). In children between the 
ages of 5 and 16, nine out of fifty-four cases were 
due to the bovine type of bacilli (18.6 per cent.). 

Tn eighty-nine cases in which the patients were 
under 5 yenrs of age, twenty-two due to the bovine 
type were found (nearly one-fourth). ‘The cases 
showing bovine types of bacilli were mostly infec- 
tions of the abdomen and glands of the neck. In 
no ease of primary pulmonary infection were 
bacilli of the bovine type found. 


The following points serve, to distinguish the P 


bovine bacillus from the human: First, the bovine 
bacillus is shorter than the human; second, when 
first cultivated it grows feebly in media in which 
the human bacillus flourishes; third, it has a 
higher virulence for rabbite and guinea-pigs, and, 
fourth, it produces more extensive lesions in exttle. 
To these Smith has added a fifth point, which he 
has found to be distinctive in a large number of 
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cultures: In bouillon which contains 5 per 
of glycerin and which ie 2 per cent. acid to 
phthalein the bovine bacillns 







Ikalinity, 

acidity of from 0,5 to L6 
of this test and other points 
of mesenteric tuberculosis in 
as bovine in type. In view 
tion of man with the bovine 
shown to be possible, we are ji 
sidering the meat and eepecially the 
culons cattle as the probable sources 
in a limited number of cases. 

Comparatively few cases of undoubl 
tal tuberculosis have been observed, 





















tologic lesions had not as yet been produced 
Warthin and Cowie suggest that the tissues of th. 
fetus may possess considerable immunity in such 
cases. Baumgarten ia a strong believer in the pos 
sibility that tabercle bacilli may pass to the fetus 
during pregnancy and, remaining latent in some 
of the tissues (lymph glands) for a long period, 
cause active tubereulosis later in life. Others who 
are lees radical still admit that we should consider 
this as a possibility (Warthin and Cowie, Har- 
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bitz). The possibility of transmission of tubercu- 
losis by means of tubercle bacilli in the spermatic 
fluid should also be considered. Although no 
proof of such infection exists, the presence of 
bacilli in the spermatic fluid has been demonstra- 
ted, particularly in men with tuberculous epididy- 
mi 


tis, 

Pulmonary tuberculosis is by far the most com- 
mon form of the disease in man, and without doubt 
‘thie uenally ig due to inhalation of the dried and 
pulverized sputum of tuberculous patients. Drop 
infection may well occur in the case of those who 
are in intimate contact with the sick, In kissing, 
direct infection from mouth to mouth is a danger- 
ous a meaty. 

‘The reason for the inception of pulmonary tu- 
berculosis in the apex in so many cases is not clear- 
ly recognized, although it is often referred to the 
relative immobility of this tissue, whieh renders 
excretion more difficult and affords improper 
aération. These conditions not only allow the or- 
ganisms to accumulate and to proliferate, but the 
insafficient oxygenation probably causes a low tis- 
sue resistance. The suggestion which has been 
made that apical tuberculosis is the result of ex- 
tension of the disease from the cervical glands does 
not correspond with the condition seen in tuberen- 
losis of adults in whom the cervical adenitis is 
commonly wanting. 

The “anatomic tubercle” is a primary infection 
of the skin; lupus vulgarie, it is eupposed, may be 
either a primary infection or secondary to tubercu- 
losis in sore other organ; ulcerative tuberculosis 
ig usually a secondary lesion, often occurring by 
ireet extension from tuberculous lymph glands. 
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that of metastasis by way of the lymph channels, 
When bacilli penetrate a surface, with or without 
the formation of a lesion at the point of entrance, 
as in the mouth cavity, intestinal canal, or bron- 
chial surface, they are carried to the lymph glands 
of the region in which the tuberculous process is 
instituted. As in plague, the infection atrium at 
times is indicated by the set of glands which is in- 
volved. Tn certain localities the secondary invasion 
of other structures takes place directly without the 
intermediate involvement of lymph glands, as in 
tuberculous meningitis caused by extension from 
the middle ear, and tuberculous peritonitis or peri- 
carditis by extension from the pleura. Very fre- 
quently tuberculosis of the lymph glands and other 
tissues heals spontaneously, as described below. 
Tn case healing does not occur, metastases con- 
tinue from one lymph gland to another and to new 
sets of glands until the larger lymph channels are 
reached, as a consequence of which extensive re- 
localization of a focus often causes a wide depart- 
gional or general tuberculosis results. Accidental 
localization of a focus often causes a wide depart- 
ure from the slow development just described. Not 
infrequently tuberculosis in a lymph gland, which 
is contiguous to a large lymph channel, as the tho- 
racic duct, invades the wall of the latter, the sur- 
face softens from caseation or liquefaction and the 
contents, impregnated with countless bacilli, are 
gradually thrown into the circulation, Miliary 
tuberculosis, first of the lungs and then of other 
tissues, through the arterial circulation, follows 
such an aceident. A similar course with variations 
in localization, follows invasion of the walls of 
branches of the pulmonary artery or vein, Rup- 
ture of a foens into a bronchus is followed by re- 
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dothelia! cells to a certain degree. Under some 
circumstances, especially in the parenchymatous 
organs and lymph glands, this injury may be so 
great as to cause the death of the adjacent cells 
(focal necrosis). When it is of a lower order the 
connective tissue and endothelial cells respond to 
the stimulus by dividing mitotically and eventu- 
ally accumulate in large numbers within a limited 
area surrounding the micro-organisms. Not only 
the endothelial cells of the lymph spaces, but also 
those of the adjacent blood vessels, take part in 
the proliferation, many of the vessels being obliter- 
ated in consequence. Not infrequently bacilli are 
ingested by the new cells, although the ability of 
the latter to destroy the organisms is not clearly 
established. Metchnikoff says that tubercle bacilli 
may remain intracellular for many months and, 
although not killed, the pathogenicity is decroazod 
or destroyed. The new cells are of polygonal shape, 
are fairly rich in cytoplasm, contain large vesicular 
ouclei and are termed “epithelioid” cells. 

Certain of the epithelioid cells, usually those in 
the center of the tubercle, where the bacilli are 
most numerous, undergo atypical proliferation in 
that repeated nuclear division takes place without 
corresponding division of the cytoplasm. This 
process results in the formation of the multinu- 
clear giant cell which is so characteristic of the 
well-developed tubercle, although not distinctive of 
the disease, According to Weigert, the failure of 
complete cell division is due to injury to the cyto- 
plasm (partial necrosis) by the bacteria which the 
cell contains. Metchnikoff and others take a dif- 
ferent view of the formation of giant cells, con- 
sidering that they represent individual epithelioid 
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by connective tissue (tuberculous scar), or partial Casea 
impregnation with lime salts (calcification). Not Sisto 
infrequently the caseous portion of a nodule under- “*°!°" 
goes liquefaction, which some have referred to the 

action of proteolytic ferments. . The contents of 
such foci finally become sterile. “Tn tho event that 
healing of this nature does not occur, the infection ~ 
is transmitted to other organs as described above, 

‘The temperature, loas of weight, fever, increased Genera! ant 
cardiac setion, and arteriosclerosis which are seen Disturbanens, 
in tuberculosis indicate that the products of the 
bacillus have a profound effect on the functions 
of the body, and produce great disturbances in 
‘metabolism, although they seem to have no marked 
selective action for particular tizenez. Many dis- 
turbances are secondary to changes produced in 
particular organs and are not referable to apecific 
action of the toxing, such as those which are \ 
consequent on poor oxygenation in pulmonary 
‘tuberculosis, and the amyloid degencration which 
follows prolonged suppurative tuberculosis. 

Mixed infection, especially with the streptococ- 
cus, plays a very important part in the course of 
pulmonary tuberculosis, especially in the easeous 
and cavernous forms. Staphylococci, B. pyocya- 
‘nous, various diplococci, the pneumococcns, bacil- 
lus of Friedlander, diphtherin and pseudo-diph- 
theria bacilli, and the influenza bacillus are ales 
found as secondary organisms in pulmonary tuber- 
eulosis. Some of them invade the surrounding 
healthy tissue, cause lobular consolidations, and in 
this way probably prepare a favoruble soil for 
further extension of the tuberculous process, ‘They 
doubtless hasten the liquefaction of caseated tissuc, 
a step in the formation of abscesses, The high and 
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droplets of sputum and saliva which are expelled. 
‘The ordinances and rules which prohibit expecto- 
ration in street cars and other public places should 
be enforced. When bacilli are discharged in the 
urine and feces or in the pus of tuberculous ab- 
seesses and sinuses, these secretions should be dis- 
infected by suitable means (chlorid of lime). 
Healthy persons should come in contact with the 
tuberculous as little as possible, and the eating 
utensils of the latter should be used by no one elec, 

‘The floor of a room which is inhabited by a tuber- 
culous person should always be moistened before it 
is swept, in order to avoid stirring up the dust. 
After the death or removal of a patient, the entire 
surface of the room and all its contents should be 
thoroughly disinfected by appropriate means. The 
proper disinfection of the premises which were 
once occupied by a consumptive should be a legal 
requirement, just aa similar procedures are do- 
manded in the case of smallpox and some other 
contagious diseases. 

The special hospital in which the indigent tuber- 
culous may be properly cared for and isolated has 
teen a powerful factor in causing the decrease of 
tubereulosis which has been noted in many coun- 
tries. The removal of a patient to such an institu- 
tion means the elimination of an infected focus 
from the community. 

Cold-blooded animals (fish, amphibians, rep- 
tiles), and most birds are not highly susceptible to 
tuberculosis, although special varicties of the bha- 
illus cause the disease in certain of them under 
natural conditions. When tubercle bacilli are in- 
jected into the circulation of birds, they may re- 
main in the blood and organs for months, produc- 
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tion of this nature takes place with greater vigor 
and rapidity in a strong, healthy perzon than in 
one of lower vitality. Aside from the question of 
individual resistance, recovery or progressive infec- 
tion may depend on the emaller or larger amount 
of bacilli which gained entrance to the body, as 
well as on their virulence. Experiments show that 
susceptible animals recover from minute doses, 
whereas they succumb to somewhat larger doses of 
bneilli. 

Various external influences increase susceptibil- 
ity and resistance, ‘Tuberculosis is to no small do- : 
gree a disease of the poor, who so frequently live 
in an undernourished condition, in crowded, dirty 
rooms, with little sunlight and fresh air. The 
disease is more common in the city than in the 
country, where an outdoor life is the rule, Alco. 
holism, diabetes, measles, scarlatina, whoopin,- 
cough often, and influenza not infrequently, are 
precursors of iuberculosis. Conditions which favor 
anemia, as pulmonary stenosis (rare), predispose 
to pulmonary tuberculosis, whereas insufficiency of 
the left heart, accompanied by congestion of the 
Jungs, is not often associated with the disease, al- 
though it has no influence in preventing infection 
fn other organs. Tuberculosis is more frequent 
during the first two or three years of life, when 
children are so commonly confined, than from the 
third to the fifteenth year, when they live in the 
‘open air so largely. Brom the fifteenth year to 
middle life or Inter the disease increases in fre 
quency because of greater exposure to infection. 
Physicians who are familiar with tuberculosis in 
Scandinavian countries and in America comment 
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subsequent attacks. Cornet and Meyer suggest ae 
an explanation of this condition that the local le- 
sion is so strictly isolated that a sufficient amount 
of toxin does not escape into the circulation to 
cause a general reaction, hence the formation of an- 
titoxin or other antibodies is impossible. This ex- 
planation seems inadequate, however, when we re- 
member the strong antitoxic immunity which de- 
velops in tetanus and diphtheria in spite of the lo- 
alization of the bacterin. The results of artificial 
immunization, in which unlimited amounts of 
toxic material or bacilli may be injected without 
the formation of satisfactory antitoxing, seem to 
indicate that the toxic constituents of the tubercle 
bacillus lack the power of causing the formation of 
a strong antitoxin. 

In opposition to the prevailing opinion, certain 
observers find ground for the belief that recovery 
from local tuberculosis of the lymph glands, skin or 
bones, actually does render the patients immune to 
pulmonary consumption (Maragliano and others). 
Tn early experiments Koch noted that when tuber- 
ele bacilli were injected subcutaneously into 
guinea-pigs which were suffering from general tu- 
berculosie, the subcutaneous inoculation remained 
as a local infection and not infrequently healed 
after sloughing. The general infection would seem 
to have increased local resistance. Although other 
investigators failed to duplicate the observation of 
Koch, thia result is said to have suggested to him 
the idea of active immunization az a cure for tu- 
berculosis, a method subsequently practiced by 
treatment with the various taberculins, 

In the United States, Trudeau and de Schwein- 
ita, and in Burope, Koch, Behring, Maragliano 
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tsa the “new tubercalin® of Koch containing all 
the cellular constiteents in a finely divided form 
has the advantages that it may be given subeu- 
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taneously without abscess formation and is ab- | 
sorbed with gome rapidity. An animal or person | 
immunized with TR is immune to all the constitu- 

ents of the bacillus. The condition produced by | 
active immunization is one of increased resistance i} 
rather than of absolute immunity; large doses of ) 
bacilli may cause infection, The nature of the | 
‘new resistance is not satisfactorily established. { 
* Tnasmuch as tuberculin is used not only for ‘abercmtte, 
diagnosis but also for curative purposes in man = 

(active immunization), and since the principles of 

action are similar in both instances, the use of 

tuberculin may be considered at this point. A 

healthy man is not susceptible to moderate doses, 

but a tuberculous man is even more susceptible 

to the toxin than the tuberculous guinea-pig, 

since 1 mg. often causes an intense reaction. 

Weigert classifies tho disturbance which tuber- 

eulin may produce in the tuberculous as thermal, 

circulatory, respiratory, digestive, nervous and 

vasomotor, and secretory. Necrosis may be pro- 

duced at the point of injection. In so far as the di- 

agnostic use of tuberculin is concerned, we are in- 

terested chiefly in the thermal disturbances, 

which are accompanied by chills, malaise and 

muscular pains. Following injection of a suitable 

quantity, a period of incubation of fram eight to 

fourteen hours follows, and at the end of this time 

the temperature rises progressively for two or 

more hours and may reach a maximum of from 40° 

to 41° C.; after remaining at this point for from 

two to six hours, it recedes rapidly. In addition 

fo this general reaction, the toxin causes conges- 

tion, redness and ewelling at tae site of the tuber- 

culous lesions, i. ¢., the foci become surrounded by 
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stein and others recommend the cumulative action 
of three or four small doses of tuberculin (0.1 to 
0.5 mg.) ot intervals of three days. The 
tage of this method is dae to the fact that the 
diagnostic value of a reaction with a small dese 
of tuberculin exceeds the value of reactions 





cumulative action of sul 
a reaction in less susceptible individuals. 
Koch explained the tuberculin reaction by the 


7 
Reaction. harmful or necrotic effect on the leucocytes and 





other tissue cella. The substances formed by the 
breaking down of these cella give rise to the fever 
and other symptoms, In tuberculous tissues this 
effoet of tuberculin i¢ much more marked. 
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Babes supposed that the increased susceptibility 
of tuberculous persons waa due to a summation 
of effects of the products of the tubercle bacilli 
in the tuberculous focus and the injected tuber- 
culin. Von Pirquet and Schick explain the tuber- 
culin reaction as a phenomenon of allergy, This 
explanation is the most satisfactory one. (See 
Allergy.) 

In view of Nuegeli's finding of tuberculosis, 
healed or active, in 97 per cent. of autopsies, the 
value of the tuberculin reaction would seem to be 
a relative one, and that the number of positive 
reactions obtained would depend on the amount of 
tuberculin used. = ~ 

Bxperience has taught certain limitations to the 
diagnostic value of tuberculin: 1, The test can 
not be applied to febrile cases inasmuch us the 

fever could not be separated from that 
which the tuberenlin might produce. 2, Cases of 
wvanced tuberculosis frequently fail to give the 
reaction, The tissues of such patients have be- 
come resistant to the poison. 3. It is said that 
tuberculin frequently causes a similar reaction in 
those suffering from leprosy, actinomycosis and 
syphilis. Cornet and Meyer suggest that the 
phenomenon as it occurs in leprosy and actinomy- 
cosia is to be considered in the nature of a “group 
reaction” in view of the close relationship of the 
tuberele bacillus to actinomyces and Bacillus lepra. 
Tt does not always occur in syphilis, and in posi- 
tive cases a latent tuberculosis may be responsible 
for the reaction, By a number of writers the facts 
Just stated are taken to indicate that the reaction is 
not of specific character; that it may often be ob- 
tained in the tuberculous by the injection of ap- 






Limitations: 
monte 


tuberenlin suffice, othere 
hold that ie Spee ee 


may be maintained, 
Farly tuberculosis reacts to tubereulin’ in’ the 
most typical manner, On rot ty 
latent or healing cases may respond 
positive outcome gives no indication of the serions- 
ness of the patient's candition, which is 
question of some im 
The fear that tuberculin, in c nea ‘in- 
flammatory reaction around 
may cause a dissemination of the baci, bea 83008 
strongly in preventing the use of the toxin for 
both diagnostic and therapeutic purposes. On a 
priori grounds, such an event weulal ioe seem to be a 
possibility, for, with the inflammation, the vessels 
surrounding the tubercles become 
leucocytes accumulate and there is an extravasation 
of fluid. Since during the subsidence of the in- 
flammation a certain number of leucocytes 
again Jeave the und as the extravasated Maid 
returns to the circulation, bacilli may be carried to 
other tissues by them. Contrary to such reasoning, 
however, the observations of Koch and his follow- 
ers in animal experiments and in the diagnostic 
and therapentic use of tuberculin in man, lead 
them to say that tuberculin when properly ad- 
ministered never causes an aggravation or exten- 
sion of the disease. Similar conclusions were 
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reached by Trudeau, Baldwin and Kinghorn in 
animal experiments in which, “as in previous ob- 
servations, a favorable absorptive influence was 
noted on the diseased focus.” Bearing in mind 
the limitations mentioned above, and the possibil- 
ity of the reaction being induced by leprosy, acti- 
nomycosis and syphilis (?), the statement of Osler 
may be quoted that “in obscure internal lesions, 
in joint cases and in suspected tuberculosis of the 
kidneys the use of tuberculin gives most valuable 
information.” 

Von Pirquet made use of the increased capa- 
bility of the skin of tuberculous patients to react 
to tuberculin as a means of diagnosis of tuber- 
culosie (eve Anaphylaxis). The teat is carried out 
us follows; The ventral surface of the forearm is 
cleansed with ether and two drops of old tuber- 
culin are placed on the skin at points about 10 em, 
apart, The skin underneath the tuberculin is 
then searified over an area about the size of a pin- 
head, as for an ordinary small-pox vaccination, A 
small quantity of cotton is then placed over the 
searifications until they are dry. A third scarifi- 
cation is made about 10 cm, from one of the firet 
two and no tuberculin used. This is to be used 
as a control, 

‘The ensuing reactions are deseribed by v. Pir- 
quet as follows: 

1, Traumatic reaction: The vaccination and 
control sites show in a few minutes a small papule 
surrounded by a soft red arcola which disappears 
in a few hours. There remains a small slightly 
raised pinhend-sized red spot which becomes cov- 
ered with o crust, This is succeeded by pigmenta- 
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and increases rapidly in diameter 
diameter of the papule is on an 
em. but may reach 3 em, Small 
on the surface of the papule. The 
with the normal coloring of the skin 
is of a deep’ red color. Very pale meal 
times develop in cases of fatal tuberculosis (¢ 
ectic reaction). The border of the papule is 
times sharp, sometimes irregular and at 
small papules may be found surrounding it. 
(ce) Retrogression. ‘The maximum development 
is usually reached in forty-eight houra and after 
thie the ewelling declines and the red color “ia 
to a violet, then to a yellow color and 
becomes brown. The ewelling 
in from five to eight days and the pigmentation 
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in a fow weeks, The best time for a single obsor- 
vation is 48 hours after the vaceination. 

(d) Secondary reaction: In cases giving a neg- 
ative reaction a second test may be followed by a 
positive reaction, In this case, the first vaceina- 
tion site may show a slight reddening. 

The cutaneous reaction is a very delicate one 
and many cases of healed tuberculosis give a posi- 
tive reaction, Since most adults, according to 
autopsy findings, have healed foci of tuberculosis 
the reaction as an indication of active lesions is 
of valuo only in children below the age of puberty, 

Various modifications of the v. Pirquet reaction 
have been devised but cannot be discussed here, 

Calmette proposed the instillation of tuberculin 
into the conjunctival sac as a diagnostic procedure 
in tuberculosis, In negative cases this is followed 
by only a slight reddening. In positive reactions 
a more or less severe conjunctivitis follows. The 
reaction has not become popular owing to the pos- 
sibility of danger to the eye. 

‘The original unfavorable results which were ob- 
tained in the therapeutic administration of tuber- 
culin are referred by Koch, Petruschky and others 
to improper selection of patients. Those in a feb- 
rile condition and those in whom destruction of 
tissue is advanced are not suited for the treatment, 
and in them little or nothing is to be hoped from 
the administration of tuberculin, Its curative value 
is suppoted to depend on the local inflammatory 
reaction which it cauzes around tuberculous foci, 
and perhaps also on the necrosis which Koch claims 
is caused in the tubercles themeelves, It must be the 
object during the whole course of treatment to ad- 
minister the toxin in such doses that a moderate 
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render the patient resistant to tuberculin and 
preclude the local changes are to be avoided. 
costomary to begin with 0.1 to 0.05 milli 
and gradually to increase the amount 
If fever is caused by a particular dose, 
amounts are not to be given until fever cesses 






the patient usually has lost the power of reacting 
and the injections are to be interrupted until Le 
again becomes sensitive to the toxin (from thee 
to six months), after which treatment should te 
resumed. Cure is recognized when the patient bs 
loat permanently the power to react, his condition 
then being identical with that of the healthy man- 

‘The principles on which the action of tuberealin 
depend are hypothetical, Marmorek says that the 
fever and local changes are due to a special toxin 
(the true toxin), which the bacillus secretes under 
the stimulation of the tuberculin. Bhrlich sup~ 
poses that cells adjacent to the tubercles have bean 
injured moderately by the tuberculin which ix pro- 
duced tn situ, and that as a consequence of this 
injury such cells are particularly susceptible to the 
additional tuberculin whieh is injected, and react 
to the stimulus by proliferation (Marx). In ac- 
cordance with this conception the fever also in 
some obscure way is related to the local reaction. 

It is probable that the therapeutic yalue of 
tuberenlin depends on the utilization of the sub- 
‘entaneous and other body cells as a source of anti- 
bodies. The formation of thee antibodies follows 
the injection of tubercnlin, whereas in the tuber 
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culous process only the tiseues directly involved 
are stimulated to antibody production. Koch pub: 

lished favorable results from the use of tubereulin 

but reports from other sources were less satisface 

tory. Koch's Neutuberculin (Bazillonomulsion) 

is used in a similar manner. Koch proposes to use Treatment 

the agglutinating power of the patient's serum as Aud sew 

an index of the immunity caused by the injection, a i: 
‘The formation of agglutining perhaps indicates in 
& general way the ability of the patient to form 
antibodies, but from the well-known fact that the 
agglutinating power does not go hand in hand with 
the protective power of serum in relation to many 
infections, this method of estimating the degree 
of immunity does not rest on a good basis. The 
agglutination reaction is carried on with the emul- 
sion which is used for immunization. Treatment 
in man is begun by the injection of 0,0025 mg. of 
solid substance and the amount is increased rap- 
idly every day or two until a reaction occurs with 
a temperature of from 1.5° to 2° C. After a pause 
of a week the injections are begun again and event- 
ually a dose of 20 mg. may be given. During 
treatment the agglutinating power of the patient’s 
serum is tested frequently, and if it is not sufi. 
ciently high intravenous injection of the fluid por- 
tion of the emulsion may be practiced. ‘The agglu- 
tinating power may go as high as from 1 to 25 to 
1 to 150, rarely 1 to 200 or 300. 

Following the work of Wright and Douglas, the 
opsonic index has been used as a gnide to the 
injection of preparations of tubercle bacilli, By 
tho concentration of opeonins tho etate of immu- 
nity can be gaged and the dosage thus regulated : 
as to time and amount. By means of this proce- 
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antitoxie and other antibodies are said to be 
formed. 


‘The unusual claim is made by Maragliano that 
his antituberculosis serum is effective in the treat~ 
ment of human tuberculosis not only becanee of ite 
own properties, but because it causes the tissues to 
form additional antibodies. It is difficult to take 
the latter claim seriously, since it is not in accord 
with the laws of antibody formation as we under- 
stand them at the present time. However, fayor- 
able reports of the value of the eerum have been 
published prineipally from Italian sources. It is 
claimed that the serum manifesta its curative pow- 
ers and causes an inerease in specific antibodies 
when given peg os. 

Maragliano also advocates a method of mixed 
active and passive immunization in man, in which 
1 ce. of serum is given subcutaneously every sec- 
ond day for twenty days; for a second period the 
same quantity of serum is given, but supplemented 
by increasing amounts of the toxic extract of 
bacilli; and for a third period the toxic extract 
is injected in increasing doses during from three 
to four months. 

The same authority thinks that it may be 
possible to vaccinate against tuberculosie by a 
single subcutaneous injection of a vaccine (killed 
bacilli?). He states that in both man and animals 
antibodies are formed in the serum following the 
vaccination, and that in animals their resistance to 
infections with living bacilli is increased. Mar 
morek asserts that killed tubercle bacilli which 
have been treated with his antitoxic serum are 
readily absorbed from the subcutaneous tissue, and 
proposes the use of such bacilli as a vaccine. 
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_ for the agglutination reaction. Courmont and Ar- 
loing prepare a homogeneous culture by first grow- 
ing the organism on a certain potato medium and rl 

} then in glycerin bouillon, which is frequently \ 
thaken. The cells are said to be well izolated after 
this procedure. Koch uses his emulsion of pow- 
dered bacilli for the test. The serum of man or 
animals as a result of immunization may reach an 
agglutinating power of 1 to 2,000 exceptionally 
(Maragliano). 


APPENDIX TO TUBERCULOSIS. 
TUBERCULOSIS AND PSEUDOTUDERCULOSIS IN ANTMALS, 


Certain differences between the bacilli of human and 
bovine tuberculosis were mentioned in the preceding 
section. In cattle the disease shows a characteristic 

to remain localized in one organ or group of 

over a long period. it is a nodular disense ns in 

man, but differs from human tuberculosis in that no: 

dul grow to large size, may be imbedded in and 

ly differentinted from surrounding healthy tissue, | 
‘not infrequently involve weroua surfaces, forming 
Jarge masses of firm sessile or pedunculated tumors. 
The nodules frequently are fibrous from the beginning, 
undergo early and extensive calcification and rarely 
soften. We are not to understand, however, that miliary 
fubersuletis doe not, occur in oattle. Although the 
process in the lungs is usually of a fibrous and large 
nodular nature, rapid dissemination with formation of 
many miliary tubercles may cause the picture of acute 
tuberoulous consolidation in e certain number of cases. 
According to the statintion of Ostertag, based on 43,000 
enses of bovine tuberculosis, localisation ix ax followss 
Lungs, 75 per cent.; pleura and peritoneum, 50 per 
cont.; ‘peribronchial glands, 60 per cont.; spleen, 40 per 
seat” Tm more or lous generalized casen the itmgs are ko 
volved in 100 per cent, of the eases; serous membranes, 
90 per cent.; liver, 85 per cent.; digestive tract, 60 per 
cent,; spleen, 50 per cent.; kidneys, 30 per cent.; mouth 
cavity, G per vent, In cows the uterus, in general infec~ 

tion, Ss involved in 65 per cent. of the cases, the udders 

in from 5 to 10 per cent,, and the ovaries in & per cent. 

Th reems that the lungs nro the most common Enfection 
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especially the intestines, mesen- 
are found hard, yellowish-white 

lime salts, and vs in size 
from that of a pea to that of a walnut. condi- 


tions suggest the intestines as the infection atrium. ‘The 
foci are rich in bacilli and histologically show the es- 
sentinl characteristics of tuberculosis. 

“Baoillus tuberoutosia piscium” is the name given to 
an acid-fast organism resembling the tubercle bacillus 
which was cultivated from an inflammatory tumor 
‘the abdominal wall of a carp, Tt xrows well at low tem- 
peratures, the optimum being 26° C,, is found in large 
numbers in the lesions within giant cells, and is dis 


fe, 
flab. 


Similar bacilli have been cultivated from a form of 
tubercalosis in the turtle (Friedman), and Blindsch- 
leiche—blind worm (Moeller). 


OTHER ORGANISMS KESEMBLING THE TUBERCLE BACTELUS. 


Certain other organisms of low pathogenicity resemble 
the tubercle bacillus in their acid-fast properties, their 
ability to grow in the form of branching threads, and to 
prodtice tubercular or nodular infections of a local na- 
ture in-animals. ‘They may be placed in a group which 
includes the tubercle bacillus. 

C, Fraenkel, also Neufeld, recognize in smegna two 
acid-fast bacilli, enlling one "tuberculoid” because of ite 

jologic resemblance to the tubercle bacillus, and the 

other “diphtheroid” wince it shows the pleomorphism of 
the diphtheria baciltus, One of these organiemna amny be 
Adentient the “syphilis baciilua” of Lustgarten, 
Smegma bacilli are muse numerous beneath the prepuce 
in man and about the clitoris and vulva in women, 
Their chief significance lies in the danger that they may 
be mistaken for tubercle bacilli in suspected cases of 
genitourinary tuberculosis. Smegma bacilli may readil 
enter the urethra in women and be carried into the blad= 
der during catheterization or cystoscopic examination, 
In man the danger of bacteriologic error may be elimi 
uated largely by cleansing the glans and carefully irrignt= 
ing the urethra, Urine which fs then passed is not likely 
to contain smegma bacilli (Young and Churchman), 
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spleen contain many nodules which may be as large as 
Shasstaut, and which ave frequantiy caseated in the oe. 
tor, The organism is called ius peeudotuberonlosia 
rodentium oF Streptobaciliue preudotubercutone dor. 
‘The disease in mice is caused hy a diphtheria-like or- 
ism called Bacillus preudotuberoutosia murium and 
pathogenic especially for the gray mouse. 

A similar infection in sheep is of more importance and 
cours with some frequency. It fs ealled preudatubero 
losis ovis, and the bacilus has re coccerpoadlg Sale 
‘The organism is suj 
wounds in the feet and legs, olfowing which the me 
ar lymph glands become inyolved, and the infection 

e transferred to the lungs and other organs 
through the lymphatic circulation. Tho lesiona are 
nodular, of varying size, usually surrounded by a fibrous 
capsule, and sre either semipurulent or undergo early 
aneation. “They may be found in all the visceral oF 


‘AN Orgahiem resenibiing tat enltivated trom. the 
are hex oceaslonally wen found fn nodular conditions 
cattle. 


If. LEPROSY. 


Leprosy existed in Egypt in prehistoric times 
and extended to other lands only when inter- 
course was established. Tt reached Greece at 
about 345 B, C., Italy in the first century 
before Christ, and from the latter country 
extended to Germany, France and Spain. Crn- 
eaders returning from the Orient alao brought back 
the disease in later times and eventually all 
Europe was infected. Leprosy is known to huve 
‘existed in Great Britain in the tenth century, and 
from that country it was carried to Teeland and 
Greenland. From Germany it extended to the 
Scandinavian countries, and from the latter to 
Finland and Russia. Tt also reached Russia from 
the South and East, and in the South it was at 
one time called the Crimean disease. The West 
Indies and South America probably were infected 


= 


Sheep. 














LEPROSY BACILLUS. alt 


quently shows a beaded appearance (degeneration 
forms ? ). It is enid to take up dyes more readily 
than the tubercle bacillus, but the difference is not 
so great as to be distinctive. Tt stains by Gram's 
method. 

Duval hae recently succeeded in cultivating the 
leprosy bacillus on meiia prepared as follows: 


‘The rind was carefully removed from the fruit portion 
of fully matured green bananas, every preenution to 
avoid contamination being used, and large blocks of the 
fruit, after slanting one surface with a sharp knife, were 
introduced into suitable aterile glass cylinders provided 
at the bottom with cotton plugs saturated in sterile dis- 
tilled water. These plugs served not only as support for 
the banana, but ax a souree of constant supply of moix- 
ture. Storile 1 per cent. solutions of tryptophan, eystein 
(made from protein), and leucin were next prpared and 
fa portion of each poured on and allowed to saturate the 
banana. ‘These solutions were used separately and in 
varying combinations, in order to determine on which 
the B, lepre would grow best or grow at all. Both the 
banana and agar, which was saturated in a 1 per cont. 
solution of cystein, proved an excellent medium for the 
artificial cultivation of the leprosy bacilli when incu 
bated at from 32 to 36 degrees O, The maximum growth 
occurred at a temperature of 32 degrees C. Light seems 
to favor the growth of , loprer; cultures kept in a glass 
incubator rogulated at 32 degrees C. grew more rapidly: 
than those in the dark chamber under similar conditions. 
Multiplication began early in the trangplants and visible 
growth developed in the form of small, glistening, white 
colonies in fom four to six weeks, Growth also occurred 
on the banana and agar when n solution of eystein and 
tryptophan hed been added, ‘The fact that growth 
‘occurred on the protein-eystein medium, and not on the 
others except in the presence of it, shows very conclu 
sively that B. leprer utilizes the end-products of digestion 
and not the products of cell metabolism. At least it is 
reasonable to nasume that this is the ease, if deductions 
may be drawn from those oxporiments. Multiplication 
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that infection occurs only through intimate and 
prolonged association with the diseased, in which 
doubtless uncleanliness plays a very important 
role” (Gotschlich), A leprous husband eventually 
infects his wife, and the children of lepers com- 
monly develop the disease early in life The high 
percentage of leprosy which is noted among the 
laundresses of infected localities indicates that the 
disease may also be transmitted by indirect contaet. 
Gotschlich throws some doubt on the importance 
of dust infection since eo many of the bacilli found 
in sputum appear to be degenerated. Nothing is 
known of the resistance and viability of the organ- 
‘ism outside the body. 
On account of the early appearance and almost 
constant occurrence of leprous lesions in the nasal 
Stricker believes that the latter constitute 
the chief infection atrium; of this Hansen is not 
positive. Nasal ulcers may be present in latent 
or apparently healed cases. Kolle cites a case show- 
ing extensive involvement of the spleen and liver 
in which the intestinal tract was considered the in- 
fection atrium. In some instances in whieh the 
disease is first noted in the fect, the organisms 
are supposed to gain entrance with infected soil 
through abrasions in the skin. According to Cor- 
nil and Babes, infection may take place through 
the hair follicles and sebaceous glands. The theory 
ef Jonathan Hutchinson that leprosy may be con= 
tracted through cating disonsed fich, or that the lat- 
ter in some way may render individuals susceptible 
to infection is not now credited. Hereditary 
acquisition of the disease is of doubtful occur- 
rence, although the bacilli have been found in ova 
(Babés) and commonly are present in enormous 
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cells of the posterior root ganglia. Their occur- 
rence in these cells leads Metchnikoff to say that 
the latter have phagocytic properties 


4 
Tn view of the chronie course of leprosy and the Badetextm (1). 


absence of signs of intoxication over considerable 
periods, it seems probable that the bacillus secretes 
little or no soluble toxin. From time to time, how- 
ever, patients with tubercular leprosy develop fever, 
which may peraiet for weeks or months and event- 
nally terminate in death. During such attacks 
the nodules not infrequently enlarge, become soft 
and later disappear. Lie conceives that such 
periods reprosent massive infection of the blood 
with the bacilli, and that at this time the latter 
undergo extensive disintegration and liberate en- 
docellular toxins to which the toxic phenomena are 
due. It is a remarkable fact that intercurrent in- 
foctions, as measles and smallpox, and the adminis- 
tration of potassium iodid, cause a similar enlarge- 
ment, softening and final disappearance of leprous 
nodules, accompanied by marked degencrative 
changes in the bacilli. Hansen is of the opinion 
‘that the fever induced by these conditions hae an 
actual curative effect, although its influence is not 
readily analyzed. He quotes the opinion of Dan- 
ielssen that potassium iodid may be used to detor- 
mine the cure of leprosy, which would be indicated 
by absence of a febrile reaction. 

General confidence is not felt in the “leprolin”” 
which Rost propared from his cultures of the lep- 
roy bacillus (?). His cultures are said to have 
been mixtures of micro-organisms, 

Bocauze of the failure until recently to cultivate $4 


the leprosy bacillus, experimental work with the Sass 


la 








Prophylaxis. 









INPECTION AND IMMUNITY. 


serum and cells of man and enimals, | 
conclusions as to the defensive powers « = 
might be drawn, can not be carried out, It seems 
probable that all men are susceptible to leprosy 
under the proper conditions. Sauton states that 
children of from 4 to 5 years are particularly 
liable to infecti ‘Other conditions which may 
increase suspectibility are of a conjectural nature. 
It is possible that lepreey predisposes to taber- 
culous infection, 

‘The condition in leprosy seems to be that of an 
organism of low virulence against which the body 
possesses no decisive protective agency. The reac~ 
tions for the most part are of a local nature, inyoly- 
ing the proliferation of connective tigeue and blood 
vessels, and the accumulation of lymphocytes. "That 
phagocytosis by macrophages (lymphocytes, con- 
nective tissue, endothelial and ganglionic cells) is 
n factor which antagonizes the proliferation of the 
bacilli is suggested by the large number of bacilli 
which are found in thege celle, 

The principles of prophylaxis may be illustrated 
by citing the practices in Norway. Originally all 
lepers were confined to institutions. At the pres- 
ent, however, only indigent lepers and those who ~ 
can not be suitably cared for at home are required 
to enter an asylum, where they live under the best 
hygienic conditions. Other patients are allowed to 
remain at home, with the understanding that they 
sleep alone and, if possible, have eeparate rooma, 
that their clothing, linen and eating utensils be 
uxed by no one else, and that proper precautions 
be taken in the washing of linen. Dressings and 


bandages must be burned. Under these regulations 
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the number of lepers in Norway has decreased from 
2,870 in 1856 fo 577 in 1900. Banishment to the 
Taland of Molokai is practiced in the Sandwich Is- 
lands. Segregation of lepers chould be brought 
about in this country. 

Carasquilla attempted the production of an anti- 
loprosy serum by immunizing horses with the blood 
of leprous patients. Although a few favorable re- 
ports concerning its effects appeared it has not 
proved of value in the hands of others. 


Iil., GLANDERS (PAROY). 


Under natural conditions the horse is the chief 
sufferer from glanders or farcy, the former name 
being applied to the disease as it occurs in the nose, 
the latter when in the skin, These names are relics 

_ of the time when the two forms of the disease were 
not recognized as having a common etiology. In 
either locality the disease may be acute or chronic, 
and in the horse about 90 per cent. of the cases 
are chronic. The ass is occasionally infected, and 
in this animal, as well as in man, an acute general 
infection (bacillemia) frequently develops, in ad- 
dition to the cutaneous and nasal lesions which 
characterize the disease. Fortunately, glanders in 
man is rare. Cows and rats are iramune, or nearly 
80; the sheep, goat and dog have fairly high resis- 
tance, although they may be infected artificially; 
the dog and rabbit are moderately susceptible, and 
for the guinea-pig and members of the cat family 
(tiger, lion and leopard), the bacillus is very vir- 
ulent, Infection of the last-named animals has 
been noted in menageries as the result of feeding 
them with the meat of a horse which had died of 
glanders. ‘The acute infection usually is fatal, and 


ordinary disinfectants (corrosive sublimate, car 
bolic acid, ete.), is not high. Milk of lime and 
solutions of calcium chlorid are suitable for the dis» 
infection of stalls. In culture media the organism 
secretes no soluble toxin, but it contains an endo- 
toxin which probably is one of the constituents in 
the various preparations of mallein. 
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The method by which the malloin of Roux and Preparation — 
Nocard is prepared is identical with that used in 
the preporation of the old tuberculin. A virulent 
strain of the glanders bacillus is allowed to grow 
for some time (from two weeks to two or three 
months) in bouillon which contains from 4 to 5 
per cent. of glycerin, the culture is then sterilized 
by heat and the bacteria removed by filtration. 
‘The toxin is not destroyed by high temperature, 
Other preparations, also called matlein, are made 
by extracting ground-up bacilli with a solution of 
glycerin and water (Helman, Kalning), or with j 
water alone (Kalning and others); by killing a 
liquid culture of the bacillus (Bromberg); or by 
precipitating bouillon filtrates with absolute aleo- 
hol (de Schweinitz and Kilbourne), or with am- 
monium sulphate or magnesium sulphate. The 
ary powders “morvin” and “dried mallein” are 
prepared by one or another of these precipitation 
methods. 


Glanders bacilli are found only in the tissues 
and secretions of diseased animals, and the nasal tutectt 
discharges of the latter are the chief means of con- “**"* 
taminating feed, water and stables through which 
the disease usually is carried to other animals. 

‘The glanders bacillus does not readily penetrate 
the intact skin and mucous membranes, although 
occasionally it may gain entrance through the hair 
follicles or swoat ducts. In the presence of even 
slight defects in these surfaces, as those caused in 
the mouth or nostrils of horses by hay or other 
food, infection readily occurs. According to No- 
card, invasion takes place commonly through the 
gastrointestinal tract following the ingestion of in- 
fected feed or water. Although involvement of the 
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Variations in the course of the disease and in the 


tensity of the pathologic changee in different 
cases probably depend on variations in the resist- 


ance of the host and in the virulenen of the 


aeartene. 


subcutaneous abscesses. In a short time nodules 
tissue celle, form im the subcutaneous 
channels, and mark the progress of the 


joints, a macalar eruption, and often muscular and 
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toward the lymph glands. ‘The nodules, and. also 
the cords, commonly undergo softening, and ab- 
sceszes form and rapture through the skin. Nod- 
ules similar to those in the skin develop in various 
organs of the body; in the nose they break down 
and constitute ulcers. In chronic infections the 
lesions are of the same nature, although they evolve 
more ‘ly and tend to remain limited to particu- 
lar Nasal, pharyngeal, tracheal or pulmon- 
ary glanders are forms of the disease which are en- 
countered in the horse. Connective tissue develop- 
ment is more marked in chronic than in acute 
glanders, although the peculiar liquefaction, sup- 
puration and ulceration of the lesions oceur in the 
former as well us in the latter. Moderate leucocy- 
tosis is found in the blood (12000-14000). 

‘The nature of the pathologic changes found in 
glanders, the frequent chronic and the progressive 
course of the disease, and the fact that infection 
does not confer distinet immunity, are conditions 
which ally glanders closely to tuberculosis, 
psendo-tuberculosis and leprosy. The essential 
lesion is the “infectious granuloma,” and it is prob- 
able that the new connective tissue which is formed 
is to no small extent a factor in limiting the exten- 
sion of the infection. Nodules of glanders fre- 
quently are isolated by the surrounding reaction, 
the centers caseate and the contents eventually are 
discharged through the skin; cicatrization and 
healing in many lesions follow evacuation. Phago- 
eytosis of the bacilli by the epithelioid cells and leu 
cocytes in the nodules ia said to be rather extensive. 

Agglutination of glanders bacilli takes place in 
high dilution with the serum of horses affected 
with glanders. An agglutination with serum in 


— 








Protective 
Procennen. 


— 














AOTINOMYOOSI8, 620 


after the injection, reaches its maximum (from 40° 
to 42° C.) in from six to eight hours later, where 
it remains for a few hours, then gradually sinks, 
only to recur on the second day; 2, an edematous 
mat inflammatory tumor at the point of injection, 
which begina in from six to eight hours, and runs 
its course in from three to eight days, ending in 
resorption (Wladimiroff), Veterinarians gener- 
ally agree that mallein ie a valuable diagnostic 
agent. Mallein also has been used in the trentment 
of glanders, but with rather doubtful results. 

Bacteriologic diagnosis is accomplighed by culti- 
vating the bacilli from the abscess or secretions and 
testing the virulence of the culture by animal ex- 
periments (guinea-pig). 

IV, RHINOBCLEROMA. 
(See page 572.) 
¥. AOTINOMYCosI. 

Actinomycosis is a chronic infectious disease of 
man and animals, the lesions of which present, 
characteristically, 2 central mass of purulent and 
necrotic material containing colonies of “ray 
fungi,” about or through which is disposed an 
abundant growth of granulation or fibrous tissue. 
In young or rapidly progressing lesions the amount 
of purulent material is largo, while in older lesions 
well formed connective tissue is inare conspicuous. 
‘The disease prevails especially among cattle, al- 
though it is met occasionally in the horse, hog, 
sheep, dog, cat and other animals; man is infected 
not infrequently. 

Although fungous threads had been found in 
diseases resembling actinomycosis in 1845 and 





later, Bollinger, in 1877, gave the firat accurate de- 
scription of the disease in cattle, and in 1878 J. 
Israel described it as a new disease in man. A 
short time later Ponfick demonstrated the identity 
of bovine and human nctinomycosis. 

The specifie organism, Actinomyces bovis et 
hominis, on culture media consists of « mass of del- 
icato threads which exhibit “true branching” and 
which, to a certain extent, segment te form 
“spores.” The radially arranged groups of cells 
which occur a3 somewhat characteristic 
yellow macroscopic granules in the pus of the actin- 
omycotic abscesses, and which give to the 
ism the name of “ray fungus,” are essoni a 
munifestation of parasitic existence, although col- 
onies developing on media which contain serum 
or ascitic fluid may ehow a degree of “club” for- 
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mation (Wright). Each granule represents a col- 
ony of organisms the members of which possess 
club-shaped extremities, and in the center of the 
mass and extending from it are many of the deli- 
cate threads found in caltures of the organism. It 
grows on various culture media, often ns a mold, 
and stains by Gram’s mothod. 

‘The actinomyces is an organism of considerable 
resistance. Cultures remain alive for one year or 
more when in a dried condition and the spores in 
one instance germinated after having been pre- 
served for six years. A temperature of 80° C. 
for fifteen minutes kills the spores (Bérard and 
Nicolas). When suspended in bouillon, spores are 
killed in fifteen hours by direct sunlight, but when: 
thoroughly dried, approximately ten days’ expos 
ure produced no injury. 
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Attempts to place the actinomyces in a botanic 
system have resulted in many differences of opin- 
ion. By some investigators they are considered as 
an independent family midway between the hy- 
phomycetes and the schizomyveles (bacteria), oth- 
ors place them under the hyphomycetes in the group 
of the streptothrix, while still others consider them 
as pleomorphous bacteria, placing them in the 
group cladothrix. Petruschky recognizes acti- 
nomyces, streptothrix, cladothrix and leptothrix as 
genera in the family trichomyces, the latter belong- 
ing to the order hyphomyces. Biological variations 
which have been encountered have led to the rec- 
ognition of several species of actinomycts, among 
which are a number of non-pathogenic forme. 
Wright limits the term actinomyces to those strains 
which produce colonies of club-shaped organisms 
in animal tissues, 

Many attempts have been made to tranamit 
actinomycosis to animals by inoculating them with 
the diseased tissues of animals and man, and with 
pure cultures obtained from these tissues. Al- 
though a number of experimenters have reported 
positive results, the attempts usually have been 
fruitless. Probably Wright has been more success- 
ful than others in producing actinomyeotic lesions 
in rabbits and guinea-pigs by the inoculation of 
pure cultures, Colonies of elub-shaped organisms 

“developed with considerable uniformity. In many 
‘instances the infection remains localized, not caus- 
ing the progressive and destructive changes which 
actinomycosis produces when it occurs naturally. 

‘The organism has been found on grains, straws 
and other kinds of fead, with which it may be im- 4 
planted in the soft parts of the mouth (gums, 
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remains unexplored. The inability to reproduce 
the infection in animals at will renders a patisfac- 
tory study of these questions very diffeult. The 

large numbers of polymorphonuclear 
leucocytes in the vicinity of the organisms sug- 
gests, but does not prove, thut they may have some 
influence in combating the infection. Surely the 
abundant mass of connective tissue which develops 
about the abscesses and sinuses nids in confining 
‘the process to a definite region. 

‘That the iodid of potassium has a curative influ- 
ence on some cases of actinomycosis seems to have 
been well demonstrated, The principles by which 
it produces its effects are unknown. 


Vi. MADURA Foor, 

Mycetoma, or Madura foot, resombles actinomy- 
eosis in the formation of abscesses, alnuses and 
granulation tissue, but it shows a peculiar predilec- 
tion for the foot, which probably is oxplained by 
the greater exposure of this purl to infection. This 
disease differe from actinomycosis in that the 
couree is more chronic and it is never accompanied 
by generalized infection. The bones are not in- 
volved so frequently as in uctinomycosis, Granules 
similar to those of actinomycosis are found in the 
cells, which, however, do not assume the pro- 
nounced club shape ecen in colonies of the ray fun- 


‘Pwo varieties of the disease are known, one in 
which the granules are brown or black, and an- 
other in which they are white or yellowish; the 
latter is encountered much more frequently than 
the former. 
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Pure culiures of the organism, which is calle? 
Streptothric madure (Vincent), were first ob- 
tained by Vincent in 1894, and have been studied 
by a number of observers since that time. It bears 
a close resemblance to the nctinomyces and by some 
is considered « variety of this 


clearly set forth, ‘The disease occurs in sonthera 
Asiatic countries, in northern Africa, and in the 
Tinited States (rare). 
VIL. INFECEIONS BY STREPTOTHRIX, CLADOFHRIX 
AND LEPTOTHRIX. 
Streptotnrte Cultures of streptothrix, differing from the 
Infections: sctinomyces, have been obtained from the lungs 
in a number of instances and in various countries. 
‘They have been found in such lesions az broncho- 
pneumonia, or more extensive consolidation of the 
Jungs, and in cases of empyema. In other instances 
organisms which have been classed, some as strep- 
tothrix, others as cladothrix, have been cultivated 
from processes which resembled actinomycosis. 

Nocard considers a streptothrix as the cause of 
farcin du bauf (farcy of cattle), a disease encoun- 
tered especially in the countries of southern Eu- 
rope, and similar organisms have been cultivated 
from suppurating or granulomatous foci in other 
animals. 

Leptothriz buccalis, a thread-like organism 
which does not form branches and, henee, is not an 
actinomyces nor a streptothrix, is frequently found 
ag a saprophytic organism in the mouth cavity, and 
a similar fungus, Leptothric vaginalis, has been 
encountered in the vagina. Although organisms 
of this type are relatively harmless, they have occa 
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sionally been found in diseased conditions of the 
tonsils and pharynx. 
VIII. orpIoMYcosrs, 

In 1894 Gilchrist described a skin disease, which 
has since been known as blastomycetic dermatitis, 
or blastomycosis or oidiomycosis of the skin. From 
a second case he cultivated a fungus which at first 
‘he was inclined to consider as an oidium, but later 
called a blastomyces. Since that time many simi- 
lar eases, especially in Chicago and the adjacent 
territory, have been discovered and reported by 
Wells, Hektoen, Hyde and Montgomery, Ricketts 
and others. In many inetances the specific fungi 
have been cultivated, 

Further investigations by Rixford and Gilchrist, 
Busse, Curtis, Hyde and Montgomery and others 
have brought to light the existence of systemic 
infections by fungi which are identical with those 
found in blaetomycetic dermatitis, and cases in 
which the disease primarily was limited to the 
skin have gone on to generalized infection. ‘The 
converse is also true, that infections which pri- 
marily are systemic, or rather pulmonary, give rise 
to secondary invasion of the ekin in a large per- 
centage of the cases. Busse and Curtis both de- 
seribed infections with these organisms as Sac- 
charomycosis hominis, on account of the fermenta- 
tive powers of the organisms concerned, Saccha- 
romycosis hominis, blastomycetic dermatitis and 
generalized blastomycosis are identical processes 
pathologically which have as their cause a group of 
fungi, the individual strains of which may show 
considerable differences. A similar disease which 
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erable variations, at one time growing as a mold, 
at another time more like the typical oidium, and 
again resembling some form of yeast, Ricketts 
considers that the genus oidium is sufficiontly 
broad to include all the types which have been 
deseribed, and that the term blastomyees ix too 
narrow. He applies the name of Oidiomycosis to 
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the disease. The organisms which have been eul- 
tivated from the eases in California grow as molds, 
and they differ from those dezeribed by Gilchrist, 
Hektoen, Ricketts and others in that they form 
endospores and apparently do not bud in the tis- 
snes of the host (Ophils, Wolbach). ‘This feature 
is so constant that it would seem to constitute a 
specific difference between those organisms and 
thoee found in blastomycosis, There are reasons 
for believing, however, that endospore formation 
is a facultative property of at least some of the 
organisms of blastomycosis (LeCount and Myers), 
and if this proves to be true, the two groups are 
brought very close together biologically as well 
ux morphologically. Ophiils calls this parasite 
Oidium coccidiodes, agreeing with Ricketts as to 
the generic character of the group, and the cor- 
responding diseaze bears the name of coceidiodal 
granuloma. 

The skin infection in both diseases usually ap- 
pears as a coarse warty and ulcerative lesion, in 
which the large papillm and cutancous areola are 
beet with minute abscesses; the proceas extends 
gradually and eventually may involve large areas, 
Microscopically, the tissue shows an enormous epi- 
thelial hyperplasia with intraepithelial abeccsses, 
and a richly cellulor, granulomatous condition of 
the subepithelial tissue, in which giant cells and 
smal! abscesses ure found. When the disease ix 
systemic, various organs, especially the lungs, 
spleen and kidneys, skin and joints, are the seats 
‘of abscosses and nodules which contain the para- 
sites in immense numbers, and many giant cells 
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of blastomycosis (Hektoem). The differences, 
ever, seem to be in degree rather than in kind, 
indicating a certain lack of correspondence in the 
pathogenic properties of the organisms concerned, 
Infection ‘The skin infection occasionally follows slight 
“tris- tranmatism, while in other instances no predispos- 
ing condition is known by the patient. The occur 
rence of cutancous lesions in crops has been noted, 
and suggests that in some instances ny a Se 
inate 2s embolic foci from a 
which later beals or becomes latent. In Nee se 
temic infection the primary lesion appears to be 
in the lungs in mest cases, from which the blood 
and other organs, including the skin, may be in- 
saded. Pulmonary oidiomycosis simulates pul- 
monary tuberculosis. In extensive involvement of 
the lungs the organisms may be demonstrated in 
the sputum. 





: iS os; =— | 





TRROSU. 6x0 


At present, little is known concerning immu- 
nity to these infections. Ricketts prepared a vac~ 
cine by disintegrating the organisms in a ball- 
mill, and in collaboration with Eggers found that 
the immunization of animals with the vaccine 
causes the formation of agglutinating or precipi- 
tating antibodies (from unpublished experiments). 
‘The practical value of the vaccine has not had a 
thorough trinl. Christensen and Hektoen used 
it in two cases of systemic blastomycosis which, 
however, were so far advanced that no conclusions 
as to the value of the treatment could be drawn. 
‘Theoretically, the conditions would seem to be 
favorable for the vaccine treatment of blastomy- 
conis, since the disense is of a chronic character 
and there is little opportunity for autoimmuniza- 
tion on account of the dense capsule which sur- 
rounds the organiams. By grinding the organ- 
isms up, their constituents may be injected in 
such condition that they are readily absorbed. 


Thrush. 

Ophtils very properly suggests that thrush 
should be considered as one form of oidiomycosis, 
‘Thrush is of particular interest because of the carly 
date at which its parasitic nature was recognized, 
Langenbeck and Borg, in 1839 and 1841, aro cited 
ag the discoverers of the fungus, and they repro- 
duced the disease by inoculations with fragments 
of the membrane. ‘The parasite was studied a little 
later by Groby, Robin and others, and the latter 
gave it the name of Oidium albicans. Grawitz ob- 
tained it in pure culture in 1877 and demonstrated 
its pathogenicity for dogs and rabbits. 
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Cultures of the organism ehow differences in 
size, morphology, chemical activities und methods 
of proliferation, although the variations are hardly 
so wide as those found among the fungi cultivated 
from eases of “blastomycosis,”” 

Although thrush usually ia considered « rather 
harmless affection, Virehow long ago showed that 
its filaments may penctrate the submucous tissues 
and eyen the lumens of blood vessel. In rare in- 
stances systemic infection, with abscesses in the 
brain, kidney and spleen or with nodules in the 
lungs, has been noted; in these cases the eondi- 
tions resemble those found in systemic “blastomy- 
cosis.” 

‘The healthy pereon has little or no susceptibility 
to thrush, although a few eases of infection have 
been noted in individuals who were otherwise nor- 
mal, Customarily it attacks only those who are 
in a low state of vitality, as poorly nourished chil- 
dren or thore in advanced age, or those whose re 
sistance is much lowered by some other disease (ty- 
phoid, diabetes, ete.) 

Phagocytosis of yeast and oidium-like cells takes 
place when they are placed in the abdominal cay 
ity of experiment animals (guinea-pigs). A num- 
ber of leucocytes may fuse to form a plasmodial 
mass around one or more of the parasitic cells 
Roger and Noisette caused an increase in the re- 
sistance of rabbits to thrush infection by the intra- 
venous injection of small doses of the parasite. Ac- 
cording to Noisette, an immune serum agglutinates 
only the strain used in the immunization. 

Infections of other animals (horses, cattle) by 
oidium-like organiame, the trich and other 
fungi which cause superficial diseases in the ekin 
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of man, and other fungi (aspergillus, mucor), 
which occasionally are pathogenic for man, will not 
be discussed. 
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DISEASES DUE TO SPIRILLA. 


I, RELAPSING FEVER, 


‘The Organ- In 1868, Obermeicr discovered in the blood of 
‘#™- Dutionts suffering from relapsing fever, “Very fine 
threads exhibiting motility." ‘These “threads” 
have since been known as the Spirillum obermeier?” 
and are recognized as the cause of the disease, 
Novy deseribes two forme of the organism. ‘The 
short forms vary from 7% to 9 microns, and are 
about 0.25 microns in width, The long forma vary 
from 16 to 19 microné, They result from 
of agglutination or multiplication. The organism 
is provided at one end with a long flagellum, 
turns of the spirals of the short forms are two or 
three in number. The spirilla are very motile, 
and not only move from place to place but rotate 
on the long axis. 
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‘The organism has not been grown artificially, 
but it may be kept alive for a number of days in 
the blood or serum of patients. As the micro-or- 
ganisms dic, agglomerations are formed and they 
undergo granular changes. 

‘The orgunism is not found in Nature, and, 
since it occurs only in the blood of the sick, it has 
long been assumed that infection can be accom- 
plished only by the inoculation of infected blood. 
‘The parasites have been demonstrated repeatedly 
in bedbugs which are found on the mattresses of 
the sickbed, and monkeys have been infected by 
inoculating them with the blood found in the 
bodies of these insects, and by the bites of the lat- 
ter (Tictin). It is said that they may remain 
alive in bedbugs for ag long as thirty days, It ia 
not altogether excluded that other vermin also 
transmit the disease, 

‘The spirochete does not appear in any of the ex- 
cretions, unless these happen to be of a bloody 
character, 

Certain monkeys, those belonging to the slender- 
nosed family (Catarrhing), may be infected by 
injecting the blood of patients, provided the blood 
used ig taken during the paroxyem, i. ¢., at a time 
when the microbes are known to be in the blood. 
Novy has found that the disease can be readily 
transmitted to white rats and mice; rabbits and 
guinea-pigs appear to be refractory. In mice, as 
in monkeys and man, relapses occur regularly. 
To rats, however, immunity is established after 
one attack. ‘The incubation period in man usually 
is from five to seven days, and in monkeys from 
one and one-half to four days, Cloudy swelling 
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of the parenchymatous organs, ecchymoses and 
infarcts of the epleen and kidneys are found in 
fatal cases. 

Prophylaxis consists in isolation of the patient, 
cleanliness, and the destruction of vermin, espe- 
cially bedbugs, 

Relapsing fever oceurs in various races of man, 
and so far as known none is immune, 

As stated above, a remarkable feature in the 
course of the disease is the rapidity with which the 
micro-organisms disappear from the blood at the 
time of the crisis. Metchnikoff refers this to 
phagocytosis by the microphages, which undergo 
a progressive increase during the paroxysm and 
decrease after the crisis, Very little phagocytosis 
appears to take place in the circulating blood, but 
in the spleen many spirochetes are found within 
polymorphonuclear leucocytes. 

‘ietin also found the spirochetes in the paren- 
chymatous cells of the kidney, liver and lungs. 
Phagocytosis is mogt marked at or near the time 
of the crisis, According to Metchnikoff, relapse 
or reinfection is accomplished by spirochwte which 
again invade the body from the epleen. 

According to Novy and Knapp, two distinct 
types of protecting substances develop during the 
course of the disease. They describe a germicidal 
substance which causes bacteriolysis both in oifro 
and as observed in Pfeiffer’s phenomenon. Tn nd- 
dition to this germicidal substance, they believe 
that a second protecting substance, which they 
term the immune body, is present, The existence 
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of the immune body is established by the fact that 
passive immunization can be accomplished hy the 
‘uso of sorum having no germicidal action. Phago- 
‘eytosis is concerned chiefly with organiame killed 
hy the germicidal agent. Marked agglutination 
occurs with immune serum. 

‘The immunity conferred by an attack of relaps- 
ing fever is probably of long duration, Other ani- 
‘mals are also immune to a socond infection. 

The development of immune bodies which oe- 
curs with the first febrile period is insufficient to 
chuse complete destruction of the spirilla, A few 
‘of these, nided possibly by their sheltered location 
in lymph spaces, survive and may become immu- 
nized to some extent against the antibodies. These 
organisms by multiplication inatitute a second 
febrile period which is followed by a higher devel- 
opment of immune bodies. Each relapse has the 
effect of heightening the immunization until com- 
plete destruction of the organisms occur, 

Hereditary immunity may result from intra- 
uterine infection. Spirilla have been found in 
the heart’s blood of the human fetua Novy and 
Knapp describe the occurrence of both active 
hereditary immunity occurring in the young of 
infected rats and paseive hereditary immunity oc- 
curring in the young of rats passively immunized. 

It is evident from the work of Novy and Knapp 
that the chief difficulty in the production of a 
curative serum is that of the cultivation of the 
spirillum. It may be poasible, however, to immu- 
nize larger animals with infected blood and thus 
obtain an efficient antiserum. 
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In addition to the European relapsing fever 
thore are at least three recurrent fovors caused by 
la distinct from one another in 
morphology and according to Kolle and Schatilotf 
in complement deviation. One of these three 
forms occurs in India, The other two are knows 
os African tick fever. Of these two forma, that 
of West Africa was studied by Dutton and ‘Todd. 
‘The other form is prevalent in Bast Africa and 
was studied by R. Koch. According to Koch, the 
ticks which carry the organisms also transmit 
them to the eggs, which in turn develop into ticks 
capable of infecting man, Koch found spirilla in 
only a part of the eggs of infected ticks. 





MT, SYPHILts, 
It ig impossible here to describe or even ten- 


““" tion the many cocci, bacteria and protozoa (2) 


which have been brought into etiologic relation- 
ship with syphilis. Until recently, the bacillas of 
Lustgarten vecupied a fairly prominent position 
as the possible cause. This organism resembles 
the tubercle bacillus in its morphology and -stain- 
ing properties, and is not to be differentiated from 
one of the smegma bacilli. Tts recognition in 
syphilitic lesions has always been difficult, and by 
far the greatost number of investigators have been 
unable to demonstrate it. It has never received 
genera] recognition ns the cause of the Gisease, and 
its presence in lesions of the genitals has no sig- 
nificance because of the occurrence of emegma bac- 
illi in this locality. 

The bacillus of De Lisle and Julien, and that 
of Joseph and Piorkowski rest on no better basis, 
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Tn 1905, Hoffman and Schaudinn discovered in Splrocha sta 


the primary and secondary lesions of -ayphilis, a 
very delicate epirochete which they named Spire. 
chata pallida on account of the difficulty of stain- 
ing it with anilin dyes, 

‘The spirillum ie of corkscrew-like form with 
from six to thirty turns, Tt is about 14 micron in 
thickness, and from 4 to 26 microns in length. 
“The turna are regular and deep in the middle and 
become less pronounced toward the ends. There 
is a fine flagellum at each end of the splrillum. 
When observed in serum by means of dark-field 
illumination, the organism exhibite marked motil- 
ity. Movement may be obzerved both forward and 
backward; rotary and bending motion is also seen. 
Stained with Giemsa’s cosinate of azur, the spirilla 
are stained a pale rose color. According to Schau- 
dinn, division takes place longitudinally, and in 
this respect the spirochete resombles the trypan- 
osomas. ‘The systematic position of the organism 
is not yet certain, Cultivation has been reported 
by a numbor of workers. The cultures were not 
pure, however, and the spirochetes were non-virn- 
Tent. 





‘The Spirochata pallida has been found in the Amatomie | 


. lesions of all stages of syphilis. These organiems 
are found in great abundance in the primary les~ 
fon and in the tissues of the infected regional 
Iymph glands. They are easily detected in the 
tismues affected in sccondary syphilis, Although 
found in tho circulating blood, they ocour only 
ocensionally or in small numbers. In the organs 
affected by fetal syphilis, spirochetes are found in 
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great abundance. In tertinry syphilis the lesions 
contain only a few organisms. Those present are 
most numerous in the tissues surrounding the 
necrotic center. 

It occurred to Metchnikoff and Roux as it had 


d’newe. occurred to others that the 





from Monkey 
te Monkey. 


the higher species (chimpanzees), should on ac- 
count of their biologic proximity to man, be the 
most suitable animal for the luction of experi- 
mental syphilie, Attention has already been called 
to this proximity as indieated by the reaction of 
serum precipiting. 

‘Their first inoculation was performed on a fe- 
male chimpanzee, viras from a primary lesion and 
from mucous patchee being introduced by means 
of searification into the prepuce of the elitoris and 
into the skin of the eyebrow. The wounds healed, 
and twenty-six days after inoculation a vesicle 
which soon was surrounded by induration appeared 
on the prepuce. his lesion was pronounced a typi- 
eal hard chanere by eminent dermat 
syphilologists. With the appearance of the chan- 
cre the inguinal lymph glands became enlarged, 
and one month later a papular eruption appeared 
on the thighs, abdomen and back. The 
persisted for more than a month, and were still 
discernible when the animal died several weeks 
later of pneumococcus infection. Before this ani- 
mal died a second chimpanzee was inoculated from 
the primary and secondary lesions of the first ani- 
mal, resulting in the development of primary le- 
sions and of adenitis. Still another successful in- 
oculation resulted in secondary lesions with the 
formation of mucous plaques, Theso observers 
have since performed many similar experiments 
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with positive results, when the higher types of 
monkeys were used, Confirmation has come from 
a number of independent experimenters (¢. ., 
Lassar, A. Neisser, Kraus, Flexner), and A. Neis- 
ser in particular has taken up the work on an 
extensive scale. 

Some of Neisser’s work is of the utmost impdr- 
tance. The experiments of Metchnikoff and Roux 
had already indicated that the higher monkeys 
(chimpanzee, ete.) acquired generalized syphilis 
more readily than the lower species. Neisser’s 
work corroborates this, and he recognizes a scale of 
‘susceptibility which corresponds roughly with the 
proximity of the different species to man, as indi- 
cated by general morphology and the reaction of 
serum precipitins. The chimpanzee, orang-utan 
and gorilla are the most susceptible, and the syph- 
ilis produced in them approaches closely that seen 
in man, including the secondary symptoms. It is 
suspected that the cynocephalus varieties are less, 
and the macacus varieties least susceptible, Among 
the macaci the smaller types (rhesus) are more 
resistant than the larger. The lower susceptibility 
of these animals is recognized by the failure of 
secondary symptoms to develop, hence in them the 
syphilis may be purely local (Neiseer). Spiro- 
chetes have been found in all the lesions of experi- 
mental syphilis in monkeys. 

Bertarelli first succocded in producing experi- 
mental ayphilitic keratitis in the rabbit and found 
associated with it the Spirochata pallida, Wis 
work has been verified by various observers, Muh- 
Jens und others have been able to produce a pri. 
mary lesion in the guinea-pig by material taken 
from syphilitic keratitie in the rabbit. 
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‘The fourth postulate of Koch, that of cultiva- 
tion in pure culture and reproduction of the dis. 
ease by means of such pure cultures, has mot yet 
been carried out. The occurrence of the organism 
as described has, however, beem such strong evi- 
dence that the Spirochata pallida is accepted as 
the cause of syphilis. 

Infection usually is venereal. Tt is not defi- 
nitely known whether a defect of the surface of the 
prepuce, glans, vagina, ete., is essential for infec- 
tion. The epithelium in these localities is so deli- 
cate that defects of microscopic dimensions may be 
easily produced, and infection may take place 
through euch defects as through groseer lesions. It 
is well known that the lip, tongue, conjunctiva and 
finger may be the seats of primary lesions, and it 
is probable that no part of the body eurface is 
immune when the virus is introduced suitably. 

Clinical experience indicates that the virulence 
of the Spirochata pallida is not uniform. It is 
possible that cerlain strains are more likely to 
bring about “post-syphilitic” diseases than others, 
That the resistance of the organigm outside the 
body is low scems evident from the fact that trané- 
mission is practically unknown except as it occurs 
hy direct contact. Neisser destroyed it by heating 
to 60° C. for thirty minutes, but at this tempera- 
ture for ten to twenty minutes its virulence for 
monkeys was retained. 

Prophylaxis demands no principles not generally 
known, 

Susceptibility to syphilis varies a great deal, not 
in the sense that some are immune, but in that a 
more virulent typo of discase develops in some than 
in others. This is a condition, however, which 
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is difficult to differentiate from variations in the 
virulence of the infecting agent. Syphilis is said 
to be particularly virulent when introduced into 
a race of people for the first time. 

‘There is no reason to believe that natural im- 
munity to syphilis exists in man. Tt was formerly 
believed that the fact that many prostitutes who 
were exposed to syphilis over a corisiderable length 
of time and who at no time showed active symp- 
toms, were immune to the disease. The finding 
of positive Wasserman reactions in a large per- 
centage of such individuals would indicate, how- 
ever, that they did acquire syphilis. Through the 
application of the Wassermann test, it has ulso 
been shown that the laws of Colles and Profeta 
are also incorrect. The former states that the 
mother who gives birth to a syphilitie child with- 
out herself showing signs of the disease, is immune 
to syphilis, Knépfelmacher and Lehndorf ob- 
tained positive Wassermann reactions in 56 per 
cent. of such mothers. Profeta’s law states that a 
healthy child, born of a syphilitic mother, can 
suckle the mother without becoming infected. In 
this case many of the so-called healthy children 
have been found to be syphilitic, and others which 
were actually non-syphilitic have been observed to 
contract the disease from the mother, 

Regarding second infections, experiments on 
apes have shown that second infections are readily 
produced at any time after the primary lesion has 
developed. Such infections are possible even after 
thorough courses of treatment terminating in re- 

. ‘These second infections differ from the 
first in that the incubation period is shorter and 
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the course of development and healing of the 
lesion is more rapid, 

Apes with tertiary syphilis react (according to 
Finger) to inoculation with syphilitie material, 
with the formation of tertiary lesions. 

Finger conovives of the procees of eaprneys in 
syphilis ag similar to the 
of V. Pirquet. Tha in vrata thc 
bility of reaction without the establishment of 
non-suxcoptibility, Second infections with syphilis 
have also been observed clinically. 

The corum reaction is diseussed fully in 
chapter on complement deviation. 

The efficiency which is promised by the recent 
preparation of Ehrlich, known as salversan, leaves 
but little to be desired as a therapeutic agent. The 
lack of production of immunity also renders the 
possibility of a curative serum very doubtful. 


UF, PRAMBRSEA, 

Frambesia or yaws is = tropical disease found 
in both hemispheres. Castellani found a spirillum 
aseociated with the lesions which corresponds mor- 
phologically with the Spirochata pallida. Owing 
to this similarity in the organisms, and to the 
fact that yawe resembles syphilis clinically, the 
two have been considered as different forms of the 
same disease. Castellani, however, finds that in 
the complement deviation reaction noither anti- 
gon nor antibody can be used interchangeably. He 
considers the two splrochetes as distinct from each 
other and names the spirochete of yawa, Spiro- 
cheta pertenuis. Transmission ocours by direct 
contact and probably also by means of flies. 
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IV, OTHER SPIROCIETES. 


Among other pathogenic spirilla may be men- 
tioned Spirochata anserina, of the spirillosis of 
geese, Spirocheta gallinarun, causing a fatal dis- 
ease of chickens and §. Theileri, found in a disease 
of cattle in Africa. The last two are transmitted 
by ticks. 
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the organisms of avian malaria, and later in rela- 
tion to the parasites of human malaria. 

In the sume year Ross found the pigmented, 
half-moon shaped parasites of sstivo-autumnal 
fever in the stomach of the anopheles mosquito. 
Through the work of Ross and others it is now 
established that the malarial parasite undergoes 
further development, a sexual cycle, in anopheles, 
and that man is inoculated only by the bites of 
such infected insects. From the standpoint of 
the zodlogist, man is an intermediate host for the 
parasite, since the latter undergoes ite higher de, 
velopment only after it reaches the mosquito. 

‘Tho malarial parasites of man belong to the 
class of Sporozoa; order, Coccidiomorpha; family, 
Hemosporidia; genus, Plasmodium. The follow- 
ing are the names given to the three species: 1. 
Plasmodium pracor (parasite of wstivo-autumnal 
fever); 2. Plasmodium vivaz (of tertian fever) ; 
3, Plasmodium malaria (of quartan fever). 


When the blood of one suffering from tertian 7 


fever is examined at the end of the febrile parox- 
ysm, or at the beginning of the afebrile stage, the 
‘parasites are found within the erythrocytes as pale, 
rather clear bodies, about one-fifth the diameter of 
the corpuscle, and in fresh specimens showing an 
active ameboid movement, ‘They are very difficult 
to recognize in unstained spocimens, They increase 
in size gradually, and after eighteen hours, when 
they begin to acquire pigment, they are recognized 
more easily. After twenty-four hours the pig- 
ment has increased markedly and the erythrocytes 
are swollen and pale. In stained preparations the 

iphery of the parasite stains more deeply than 
Reverie and gives it a pronounced ring form. 
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cyte and its offspring are morozoites, and 
ess of division schizogony. 
In addition to the asexual cell just 
two sexual cells, a male and a female, 
rythrocytes, acquire pi 
eventually become free. ‘They 
asexual cell in that the pigment continues to 
uniformly distributed, and neither gives rise to 
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10-14 microns) ; the female has a granular prote- 
plasm. There are many more male than female 
cells. They undergo no further development in 
the body of man, and in order that the sexual pro- 
cosa be completed the two celle must first gain 
entrance into the stomach of the female anopheles 
mosquito, 
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A further step in the sexual process may be seen Imprem- 
in drop preparations of the blood, although this ™ 
step does not occur in the human body. From ten 
to twenty minutes after such a preparation has 
been made the male cells, after a period of agi- 
tation, discharge from four to eight long, thin 
flagella (microgametes or spermatozoa), which 
thrash about violently and eventually come in con- 
tact with a female cell, which they enter and be- 
come unrecognizable. | 

‘This same process is instituted and completed tite tm the 
(sporogony) in the stomach of the mosquito, the 
penetration of the female cell by the spermatozoon 
resulting in the impregnation of the former. Fol- 
lowing impregnation, the female cell gradually 
assumes a wormlike or sickle shape (ookinet), 
penetrates the wall of the stomach and becomes 
encapsulated (oocyst). Forty-eight hours after 
the mosquito has sucked malarial blood all the 
female cells have reached this stage and no more 
free parasites are found in the stomach. 

About five days after the blood was taken the Formation of 
oocyst has increazed in size about six times and "POrerte™ 
has formed within itself a number of small 
spheres, which are called daughter cysts or sporo- 
blasts. The latter soon acquire a finely striated ap- 
pearance, which is due to the formation of hun- 
dreds of “germinal rods” or sickle-like bodies 
(sporozoites). ‘The latter are nothing less than 
young malarial parasites, which are thrown into 
the body cavity by the rupture of the oocyst, and 
are carried to the salivary glands of the mosquito 
by the lymphatic circulation. If the mosquito has 
been kept at a temperature of 24° to 30° C. these 
sickle forms first appear in the salivary gland after 
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stages of development of the asexual cell. 
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young parse, the eye seeping fen Emi 
four to forty-eight hours. 
‘Malt-Moon™ Here, as in quartan fever, the do 
SB ot become swollen and ele, bat ere ates 
darker in color, because of some shrinking (Ruge). 
Tho cexual cells in mstivo-autamnal fever are © 





characteristic. Whereas they at first do not differ 
in shape from the asexual cells, as they grow older 
they gradually assume the shape of a half moon in 
one of the erythrocyte, a Jength 
ea ound nor eal diesabae e red cell. 


| 


MALARIAL PARASITE, 659 


‘At this time a fine line drawn across the concavity 

of the parasite represents the margin of the ery- 

throcyte. This form is only temporary, however; 

they subsequently assume first a epindle and then 

a spherical form. As in the other parasites, the 

male cell is rather clear and the female granular. 

When mounted in a hanging drop the male cell 

liberates flagella, which penetrate the female cell. 

‘This does not occur in the human body. In this ~~ 
t, and also in the completion of the sexual 

cycle in the body of the mosquito, they resemble the 

other two parasites. 

‘The parasites of tertian and quartan fevers un- 
dergo division while they are in the circulating 
blood, and when peripheral blood is examined at the 
ond of the afebrile stage the young cells may be 
found extracellular. This is not the case, how- 
ever, in the astivo-autumnal fever. In this in- 
stance, for unknown reasons, the adult cells with- 
draw to the internal organs, especially the spleen, 
bone-marrow and brain, where division takes place 
in the minute vessels. Hence if the peripheral 
blood is examined ding and during the febrile 
stage few or no dividing cells or young parasites 
are seen. 

Following inoculation by an infected mosquito, 
ten to twelve days are required for the onset of a 
paroxysm, In rare instances the incubation period 
may be as short as five to six days. This probably 
depends to some extent on the number of organisms 
inoeulated. Malarial infection of the mosquito 
is not transmitted to the offspring the latter,’ 
hence the bites of young mosquitos do not convey 
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from destruction of the erythrocytes. 
The cause of the fever and its periodic 

rence is more difficult to explain. As stated 

the fever begins in both tertian and quartan 
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reaction is due to the action of these toxins, 
Methylene blue has the power of preventing seg- 
mentation of the parasites (Dhrlich), and it has 
been shown that the paroxysm of fever may be 
averted by administering methylene blue at the 
proper time. This corroborates the view that the 
segmentation of the parasites causes fever in some 
way. The paroxysm would seem to represent the 
time required for the exhaustion of the toxins set 
free at the time of the cell division.* 

On the basis of the conditions just cited, the 
brief duration, sharp limitation and regular re- 
currence of the paroxysms in tertian and quartan 
fevers become intelligible, In a similar manner 
the longer paroxysms and shorter intermissions 
which characterize the typical wstivo-autumnal in- 
fection (i.¢., in firet attacks) are related to the 
habits of division of the corresponding parasite. 
All the cells do not divide within a relatively short 
period, as in tertian and quartan fevers, but the 
process of division rather stretches out over from 
twenty-four to forty-eight hours. This accounts 
for the longer duration of the paroxysm. When 
the last cells of one generation are dividing, per- 
haps after the fever has gone down, the first cells 
of the succeeding generation are well on toward 
maturity and their division within a short time 
inaugurates a new paroxysm; the brief intermis- 
sion would seem to be explained by this condition. 
As the disease lasts longer, or as relapses develop, 
the periods of division of the parasite are less 


2 Rosem 








‘arker, Brancls and Beyer produced « typical 
healthy person by injecting Mitered serum 
tertlan patient during the chi{l This was 
Intoxication, uot tafection 


- 







Duration of 
Varoxyame. 


kinds of parasites is encountered. ‘This is 

estivo-autumnal fever combined either with ter 
tian or with quartan. Hither the mativo-autumnal 
may be primary on tho one hand or the tertian or 
quartan on the other. ‘The clinical course is com- 


a mixed infection does not continue indefinitely 
as such, A tial i ee 
was inoculated with sstivo-autumnal blood; 
time all the quartan parasites disappeared, ae 
ing only the wstivo-autumnal. 

Tn malarial cachexia there is not only an in- 
sufficiency of the blood-forming organs, but other 
parenchymatous organs have suffered as a result 
of prolonged intoxication. The blood-forming or- 
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“gans can not keep pace with the destruction of the 


Trigeminal and supraorbital neuralgias and 
periodic headaches occur sometimes as accompani- 
ments of malarial infection, even when there is 
little or no fever, and no parasites may be dis- 
coverable in the blood. That they are malarial in 
origin is concluded from the fact that they subside 


under quinin treatment. In some forms, and par- er 


ticularly in wetivo-autumnal fever, cerebral symp- 
toms (e, g., coma) are marked by accumulations 
of the parasites in the small vessels of the brain; 
the vessels may be completely occluded. The con- 
ditions are similar in the small vessels of the intes- 
tines in malarial diarrhea, 

The so-called “black-water fever,” or hemo- 
globinuric fever, is not a special form of malaria, 
but a complication which, it is thought, is pre- 
cipitated by insufficient or improper administra- 
tion of quinin (Koch and others). It ia moat fre- 

ent in the tropics, hence in mstivo-autumnal 
fever, but may occur in the tertian and quartan 
types, Various observers have found that in from 
56 per cent. to 9¥ per cent. of the cases quinin 
precipitated attacks, Stephens and Christopher 
were not able to exclude quinin ss a factor in any 
of the cases they encountered. The essential proc- 
ess is a mossive destruction of the erythrocytes 
which is entirely out of proportion to the number 
of cells occupied by parasites; few or no parasites 
may be present, The amount of hemoglobin thus 
liberated is so grent that it is excreted largely by 
the kidneys: anuria may result from occlusion of 
the tubules by pigment. Tow the quinin, or the 
quinin plus parasites, produce this extensive hemo- 
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Anopheles maculipennis is the most numerous spe- 
cles, and for it, as well as for Anopheles puncti- 


male living on vegetable material exclusively. 
After the female haz obtained blood from man or 


_ 








TRANSMISSION, 665 


another marnmal it flies to a suitable pond or other 
collection of water, where it deposits its eggs. 

“The adult mosquito lays its eggs on the surface 
of the water. The eggs float on the water for 
some days (two to four), after which they hatch 
and permit the escape of the larva, 

“The larva is a free-swimming, worm-like ani- 
mal, which eats greedily and grows rapidly, cast- 
ing its skin several times in the process, till it 
reaches its full development. At this stage it sud- 
denly changes its form ; casting its skin, the worm- 
like larva assumes a comma shape and so becomes 
the pupa or nympha. 

“During the pupal period the insect ceases to 
eat; profound anatomical changes take place with- 
in the pupal skin, whereby the masticatory mouth- 
parts of the larva are converted into the suctorial 
apparatus of the adult insect or imago, After a 
certain number of days the pupa case ruptures and 
the adult insect is liberated, furnished with wings 
and legs adapted for a life in the air” (James 
and Liston.) 

In one instance Howard found tho life cycle of 
Anopheles maculipennis to be: “gg stage, three 
days ; larval stage, sixteen days; pupal atage, five 
days, making a total period in the early stages of 
twenty-four days.” The rapidity with which this 
process takes place depends largely on the tem- 
perature; it is more rapid in the hot weather of 
July and August than in the cold days of May. 
Anopheles usually does not lay ite eggs in tin cane 
or barrels of water, but preferably in more open 
or cleaner water. Excavations which ha ie 
filled with water are favorable places, as are also 
collections of water from springs. 
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flights by adults; (4) in conveyances. 
Anopheles avoids high winds and rains, seeks 
shelter on excessively hot days and feeds and bites 
chiefly or only after sanset and before sunrise. 
The latter habit confirms the old belief that ma- 
larial infection occurs chiefly at night. 
For further details os to the morphology and 
habits of the insect in ite different stages, and for 
rentiation of the different genera und spe 
cies, one should consult textbook of semlogy, 
or, for example, the book on “Mosquitos,” by How- 
and (McClure, Phillips & Co., New York). 
Prephytaxts, Individual prophylaxis may be accomplished and 
maintained by taking small daily doses of quinin, 
or larger doses (1 gram) every few days. One who 
bas had malaria may likewise prevent recurrence 
by suitable quinin treatment. Quinin” has the 
power of preventing division of the parasites, and 
therefore, the power of preventing the paroxysms. 
“R. Koch's procedure consists in this, that one 
takes a gram of quinin every tenth and eleventh 
day, and if fever still develops, every ninth and 
tenth day.” (Ruge.) 
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Other points in individual prophylaxis are, first, 
the application of ethereal oils (clove oil, oil of 
pennyroyal) to the exposed skin, and, second, the 
use of mosquito netting. 

‘The important practices for general prophylaxis 
are the following: 1. The draining of swampy 
places and of pools of water where anopheles may 
deposit its eggs. This in many instances manifest- 
ly can not be accomplished. 2. Covering pools of 
water with petroleum. This is to a degree success- 
fal. Every square meter requires 0.5 liter of pe- 
troleum (Kerschbaumer), and the oil must be 
added fresh every seven or eight days. ‘The layer 
of oil excludes the air from the larval mosquitoes 
and they drown, If fresh oil is not added ocea- 
sionally new eggs may hatch. 3. Koch's method of 
extermination of malaria, This consists of the 
searching out of all cases of malaria and the de- 
struction of the parasites by appropriate quinin 
treatment. Koch practiced this method in an in- 
fected locality of New Guinea and in a relatively 
short time freed it of malaria. If all the plasmodia 
in a community are destroyed the disease can not 
again become endemic unless it is introduced from 
without or unless infected mosquitoes are imported. 
Manifestly this method must be practiced on an ex- 
tensive scale in order to render it permanently 
successful. It seems to have been demonstrated, 
however, that the number of cases in any given 
locality may be materially decreased by pursu- 
ing it. 

So far as is known, susceptibility to malaria is 
universal. The belief is very general that one 
attack of malaria not only does not protect agninst 
reinfection, but even predisposes to it. Two facts, 
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number of parasites (tertian fever). In such 
cases large numbers of the parasites die before 
they reach maturity, their death being indicated 
by shrinking and clouding of the cells and altera- 
tions in or disappearance of the chromatin. It is 
somewhat characteristic of quartan fever, and still 
more 0 of wstivo-autumnal, that the sexual cells 
are much more numerous in recurrences than in 
primary attacks. One may be able to differentiate 
a relapse from the primary attack by the number 
of sexual cells encountered (Ruge). 

Nothing in the way of serotherapy has been 
accomplished, and it is doubtful if any serum 
could equal quinin in efficacy. 


MALARIA OF BIRDS, 


Disonses considered to be true malaria also oceur in 
birds, 

One of these diseases is caused by a proteorome (Pro- 
toosoma Labbé, Cystosporon daniclewsky, Hememeba re- 
Hota). Sparrows, hawks, buzmrds, crows und pigeons 
fare affected. Like the malarial parasites in man, the 
parasite enters the erythrocytes and has both a sexual 
and an asexunl cycle of development, the latter taking 
place in the infected animal, the former in the stomach 
SF Ub cxmpon monqult’ {ute afplene)- Kance inte 

development protecsoma is perfectly analogous to 
agmedium. ‘This disease i# transmissible from bird to 
‘by the inoculation of infested blood. 

Halteridium is still another hemosporidium which in- 
fects birds. It was in the study of this organism that 
MacCallum first saw the phenomenon of impregnation. 
‘All the cells seon in the blood appear to bo divisible into 
male and femalo, and although MacCallum had seen im* 
prognation ia microscopic preparations the life cycle for 
@ long time was obscure, Recently Schaudinn has found 
that the sexual cycle is completed in Culex pipiens, He 
considers tho organism to be a trypanosome, “I hava 
boon able to prove that tho halteridium ia the sexual 
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the cell body is continuous with an “undulating 
membrane,” which extends along a border of the 
organism to a point near the centrosome or mi- 
cronucleus in the posterior portion of the cell. 
‘The centrosome is sometimes spoken of as anala- 
gous to the “eye spot” of geome other protozoa. ‘The 
undulating membrane is more or less wavy or 
folded and its breadth varies, The centrosome pre- 
sumably has a close relationship to the undulating 
membrane, and, through the latter, with the flagel- 
jum. The nucleus is in the anterior portion of 
the parasite. In relation to some species a con- 
tractile vacuole is spoken of. An endoplasm and 
an ectoplasm may be differentiated. 

Division of trypanosomes is nearly always longi- 
indinal, rarely transverse. In the process of longi- 
tudinal fission the order of division of the differ- 
ent parts of the cell is as follows: 1, Centrosome; 
2, flagellum ; 3, nucleus and protoplasm (Laveran 
and Mesnil). After division has occurred the two 
cells may remain attached at their posterior ends 
for some time. By a repeated division of young 
cells, the posterior ends remaining attached, ros- 
ettes are eaid to be formed. Others consider ros- 
ette formation a3 a phenomenon of agglutination. 
Possibly both phenomena occur. 

Koch and others have described sexual repro- 
duction in the tactee-fly. 

Koch divides the trypanosomes into two classes 
as to constancy in respect to; (1) morphology; 
(2) virulence; (3) host. This classification is 
best represented by the accompanying table from 
Nocht and Moyer. 
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‘TRYPANOSOMIASIS IN MAN. 

Nepveu in 1898 first found trypanosomes in 
the blood of man in Algiers in eight cases. “His ob- 
servations were passed over temporarily. The para- 
site bears his name (7. nepveut). Again in 1901 
Forde discovered similar parasites in Western 
Africa (Gambia), and since that time a number 
of cases of “Gambian fever” or trypanosomatic 
fever in man haye been imported. In this in- 
stance the parasite was called T. gambiense by Dut- 
ton and T. hominis by Manson. The disease is 
said to follow the bite of a tsctse-fly (Glossina 
palpalis), at least in some instances. The tissues 
around the bite become inflamed and in from a 
few days to two weeks recurring attacks of fever 
set in, and a patchy and ringed erythematous erup- 
tion appeara on the skin. Forde gives as the 
chief cliniea) findings in his case: (1) the irregular 
intermittent temperature; (2) the edematous con- 
dition of the face and lower extremities; (3) the 
rapid and variable pulse and respiration, unac- 
companied by any evident cause; (4) loss of 
weight, with marked debility, wasting and lassi- 
tude; (5) the persistence of these symptoms and 
their resigtance to treatment. The parasites are 
most numerous in the blood at the time of the 
febrile attacks, Recovery has not been reported. 

Sleeping sickness has been endemic in certain 
districts of Africa for a long time, and, although 
confined to a very limited district at one time, it ap- 
pears now to have extended to distant parts, Speake 
ing of trypanosomatic fever and sleeping sickness 
collectively, Ruata says that while originally con- 
fined to a emall district in Western Africa between 
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isms are probably secondary or agonal invasions 
in spite of their rather frequent occurrence. Fur- 
ther investigations by Castellani disclosed the prea- 
ence of a trypanosome (T'. castellani) in the cere- 
brospinal fluid of a large percentage of the cnses, 
and a little later Bruce found this organism in all 
the cases he had examined. This observation has 
been confirmed so many times that the trypan- 
osome is now generally considered as the cause of 
the disease. 

Sleeping sickness is not contagious in the or- 
dinary sense, and Bruce furnishes very strong 
evidence that it is transmitted by the bite of 
a tsetse-fly (Glossina palpalis), “The distribu 
tion of the disease corresponds to the habitat of 
this fly, and Bruce transferred the infection to 
monkeys by means of flies which had bitten those 
suffering from sleeping sickness. Gray and Tul- 
Jach have demonstrated the presence of trypano- 
somes in the alimentary canal of tsetse flies which 
were allowed to feed on the blood of patients with 
sleeping sickness, 

A pronouneed lethargy or somnolence is the 
most striking clinical feature of the disease. “The 
appearance of the somnolent condition is preceded, 
often for a long time, by prodromal signs, which 
are so characteristic that the patient’s neighbors 
eannot possibly be deceived as to the fate that 
awaits him. The victim complains of weakness, 
langour, dejection, disinclination for work, head- 
aches, particularly localized over the occiput, a 
sensation of weight in the head and giddiness, 
His eyelids tend continually to close and he has a. 
tendency to go to rest at unusual hours of the day; 
for this purporo he seeks out lonely quict spots, 
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wife of a missionary in upper Congo was bitten 
by a tectse-fly, and following an inflammatory ro- 
aetion at the seat of the bite, she developed and ran 
a long course of trypanosomatic fever, After froma 
year and a half to two years of remittent attacks 
of fever, the organisms being found in the blood 
repeatedly, she grew weaker, became somnolent 
and died in a comatose condition, The anatomic 
changes at autopsy were typical of sleeping sick- 
ness, Some who are not quite willing to accept the 
unity of the two diseases suggest that the sleeping 
sickness may have been, superimposed on trypano- 
somatic fever. 

Assuming that the two conditions represent dif- 
ferent stages of the same disease, we would have 
to recognize trypanosomatic fever as the first stage 
and the lethargy of sleeping sickness as the second. 
If this proves to be correct the name of 7’. nepveui 
should be retained for the organism and the other 
names dropped (T. gambiense, T. hominis, 1. 
eastellani). 

It is believed that 7. castellani is a distinct 
species of trypanosome, It is hardly possible to as- 
sociate it with nagana, since sleeping sicknoss and 
nagana do not coincide in their distribution, and, 
moreover, the morphology and pathogenicity of 
T. castellani differ from that of ZT. brucei, The 
former is not infectious for the “donkey, ox, 
guinea-pig, dog, pup, goat and shoep” (Ruata). 
T. castellani is from 18 to 25 microns long and 
from 2 to 2.5 broad. Its morphology in general 
is like that of other trypanosomes, although thore 
aire sufficient differences to establish its independ- 
ence. Its motility is rather slow, and in contrast 
to other trypanosomes it moves in the direction of 
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are largely within the lymph glands or other internal 
organs. The cause of these variations is not known, and 
it can not be said now that they are related to cycles of 
development like those of the malarial parasites, Voges 
suggests that they may represent the establishment of 
sncoessive pin of temporary immunity (mal de 
caderaa). are only gencral features, and varin- 
tions occur in infections in different animals und by dif- 
ferent parasites. 


osoma. lewisi, recognized in the blood of the rat mer eere 
o 


by Lewis in 1879, and given its present name by Kent i 
in 1882, infects wild rats throughout the world, and in 
somo localities a very high percentage of the nnimals are 
infected, The parasite is rendily found in the peripheral 
blood (as from the tail), where a large number may be 
present in a single field of the microscope; sometimes, 
however, prolonged search is necessary for their discoy- 
ery. Its dimensions vary: from 14 to 3 microns in diam- 
eter, and from 10 to 25 microns in length, aecording 
to different observers, It in of lancet-form, pos- 
sees a finely granular endoplasm and a clear 
ectoplusm, und from the latter spring the flagel- 
Jum and the undulating membrane, “The for- 
mer (flagellum) is about ns long as the body itself; 
it originator at the posterior end of tho animal in a 
granulelike structure, called the flagellar root, extends 
forward as a marginal thickening of the undulating 
membrane and becomes free only at the anterior end of 
the animal from which it extends into the surrounding 
endomedium ns a flagellum” (Doilein). At its posterior 
extromity the parasite ends in a sharp point, In its an- 
terlor portion it contains « strongly staining nucleus; 0 
contractile vacuole is not described. Its motility is, per 
haps, more active than that of any other trypanosome, 
and in a fresh mount of rat's blood it may move across 
the field xo rapidly as to be followed with difficulty. 
Division takes place by longitudinal fission (rarely 
transverse), and by repented division rosettes are 
formed, 








Novy and McNeal succeeded in cultivating this orga 
fam artificially on a medium consisting of rabbit's blood, 
2 parte, agar, 1 part. The growth occurs in the con- 





Cultivation. 
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infected blood it is capable of transferring the disease; 
hence, further development of the parasite in the tsctse- 
fly is not essential for its continued infectiousness, and, 
indeed, it is not certain that any further development 
oceurs. 


Nagana presents a remittent or intermittent type of 

fever, eatarrhal secretion from the nose and eyes, sub- 

cutaneous edema, particularly of the abdominal region, 

prepuce and posterior extremities, roughening and shed- 

ding of the hair, marked emaciation, weakness and ane- 

mia develop, and the animal dies in a state of exhaus- ‘i 
tion. ‘The spleen is greatly swollen, the red corpuscles 

re diminished in number, and the urine may be blood | 
stained. The parasites are found in enormous numbers 

in the blood. 

‘The disease is almost invariably fatal. It may Inst 
for weeks or months in horses, and even much longer in 
cattle. It occurs not infrequently in epidemic form, 
wiping out the horses and cattle of infected regions. In 
wild animals it is suggested that the discase may be 
more chronic, and the shifting of such animals may 
serve to introduce the infeetion to new regions, but only 
to such regions aa harbor the taetse-tly. : 

Novy and McNeal cultivate 1, bruce? on a medium cutive 
similar to that used for 7. lewiei. The former is more 
‘exacting in its conditions for growth, preferring a me- 
dium containing blood and agar in a ratio of two to one 
or three to one, Cultures were kept alive for at Teast 
fone hundred days through eight generations, although 
virulence was soon lost. 

Trypanctoma evansi is the name given by Steele to 
parasite discovered by Evans (1980), in India, in the 
Blood of horses sulfering from surra, It has the same 
genera! morphologic features us 1. bruce, with dimen: 
‘sions from 1 to 3.5 or 4 microns by 20 to 36 microns, in 
eluding the flagellum (Musgrave and Clegg). It con- 
tains a muclous and possibly a contractile vacuole. The 
whole posterior extremity is contractile, according to 
Musgrave and Clegg, and this may also be true of other 
trypanosomes. Its motility is moderate and ecl-like, It 
differs from the trypanosome of rats (7. tewial) in ite 
Iarger diameter and in its greater pathogenicity; T. 
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centrosome near the nucleus near the center of the para: 
tite, |The folloming,txypancaomes, are found in fabs 
1. remakeii T. 





occurs in oysters, 7. rotatorium in froge, 


Between various animals and the different try- 
panosomes a number of examples of natural im- 
munity are known. The extent to which man is 
susceptible to sleeping sickness ie not known, but 
since the digeae may occur in Europeans as well 
az in native Africans, it is probable that suscepti- 
bility is general, Laveran and Mesnil state that 
sheep, deer and cattle which have recovered from 
nagana have an active immunity to the diseaso, 
and it is thought that the immunity of some ani- 
mals (¢. g., cow) may be increased by injecting 
infected blood. Koch, and also Schilling, have at- 
tempted to render trypanosomas suitable for vacci~ 
nation by passing them through asses, and a cer- 
tain degree of success was reported. ‘The serums 
of actively immunized animals do not exert a pro- 
nounced protective or curative action, although 
they may in some instances prolong the incubation 
period. Human serum has a certain protective 
‘and eurative power for rats and mice which have 
been inoculated with the parasite of nagana, In 
some instances immune and normal serums kill 
trypanosomes, as shown by rapid loss of mobility. 

A most interesting bit of experimental therapy 
is that of Ehrlich and Sachs in curing and pro- 
tueting mice against mal de caderas by injecting 
and feeding “trypanroth,” a synthetic dye. The 
dye was less efficient in experimental nagana and 
in trypanosomatic infections of rats, guinea-pigs 
and dogs. The immunity and cure established in 
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According to Smith and Kilbourne, numerous minute 
motile forms (coccus-like bodies) penetrate the corpus- 
elle eventually ee the W ecyatior form. ane 
‘ing up of the a 31 ites into 

omall tora has not pee b= 

A characteristic symptom of Texas fever is the pro- 
nounced hemoglobinuria which has given to the disease 
the additional name of hemoglobinurie fever. 

‘The disease is transmitted by means of a tick (Boophi- 
ue bovis). The six-legged larvie fill themselves with 
blood, and in about eight days bave been changed into 


eight-lepged nymphm. In eight days more they have 
changed into fully-formed sexual animals, and, after 
filling themselves with blood and after having been im- 
Pitetated, they drop of the oaitle and lay their eggs. 
arya hatch from the eggs in from 3 to 4 weeks, and 
the former are again ready to attach themselves to 
cattle (cited from Kossel). Inasmuch as infected ticks 
transmit the parasites to their off the bites of the 
lary are able to give rise to the disease in cattle. A 
mature tick may deposit from 2,000 to 4,000 eggs, It 
has not been possible to transmit the disease to other 
species. ‘ 

‘The disease is endemie in the southwestern states, 
and the cattle in that region are supposed to acquire an 
immunity similar to that described by Koch in reintion 
to malaria, Presumably the cattle first acquire the dis- 
case when they are young, and those which withstand it 
show resistance to the infection in later life, Cattle 
from uninfected districts are more susceptible than those 
coming from localities in which the disease is endemic, 
and the latter even when apparently healthy may intro: 
duoe the disease into now herds, This is done throug 
transportation of the ticks, 

Partially successful attempts at active immunization 
have been made, and in Australia this is practiced on 
a fairly extensive scale. ive to ten cubic centimerr of 
blood, taken from an infected animal, during the course 
of the disease or after recovery has been established, are 
injected into non-immune cattle, The disease is thereby 
roproduced in the latter with typical parasites in the 
blood. If the blood is taken from animals which have 
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those grown on or near the earth; e. g., beets und 
lettuce, 


Eneystation takes place under certain unfavor- gestetance. 


able conditions, and in this condition the parasites 
withstand a temperature of —15° ©, for twenty- 
five days (Musgrave and Clegg), and desiceation 
for from ten to fifteen months, A temperature of 
50° ©. kills the vegetable and oncysted forms. 
Sunlight for three hours and the a-ray kill them 
readily in the vegetable form, but not so readily 
when they are eneysted. Most chemical bacteri- 
cides destroy them, although they show a partien- 
Jar resistance to alkalies, even 20 per cent. sodium 
hydrate (Frosch), and strong acids. They resist 
the action of 0.2 per cent. hydrochloric acid, i, e., 
the acidity of the stomach contents, Quinin 
(1/2500 of the hydrochlorate) is strongly germi- 
cidal for Ameba coli. 

Under artificial conditions amebw proliferate 
in the presence of other micro-organiams, and 
suitable mixtures they may be kept alive ine 
definitely on slightly alkaline bouillon agar, 
The only condition in which amebw are found 
unassociated with bacteria is in the liver ab- 
scesses which occur as a complication of amebie 
dysentery. It is true that the bacteria may have 
been present originally, but in their absence it is 
supposed that enzymes normally present in the 
liver stimulate the growth and proliferation of the 
parasites, Amebe show a peculiar selective property 
for certain bacteria, although their affinities may 
be gradually modified. Amaba coti apparently pre- 
fers those organisms which flourish in the human 
intestines (B. colt, B. typhosus, Sp. cholera, Staph, 
pyog. aureus). Almost any strain will, however, 
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account they held the amebm to be the sole cause 
of the dysentery. 

According to Schaudinn and Craig, ameba are 
of two types. One of non-pathogenic character 
{Bntamaba coli) found by Craig in 50 per cent, 
of normal stools; the other pathogenic (Wntameba 
histolytica). 

According to Schaudinn, the two organisms di{- Lextons. 
fer in morphology and method of reproduction. j 
Walker fails to confirm these observations. 

The principal lesions occur in the large intes- 
tine, in which are found round or ova! ulcers with 
infiltrated or undermined edges. The ulcers may 
increase in size, or coalesce with others, and cauec 
the sloughing of large areas of the mucosa or even 
of the muscular coats, The organisms are found 
in the intestinal contents, on the surface of the 
ulcers, in the infiltrated base and edges, and in the 
underlying tissues, They have been found as- 
sociated with both chronic and acute appendi- 
citis. Amebic liver abscesses are not infrequent 
in those regions in which the disease is endemic. 
‘The organisms probably extend to the liver from 
the intestines through the lymphatic or portal 
vessels. Not infrequently the association of the 
amebee with bacteria is missed in the abscesses, 
and in these instances a “cold” abscess containing 
much necrotic material and detritus is produced, 
If contaminated with bacteria the abscesses have 
a more purulent character, 

Suitable prophylaxis against amebic infection it trophytaxts, 
suggested by tho known distribution af these or= 
ganisms. Of principal importance is the use of fil- | 
tered or boiled waters and the avoidance of un- 
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Miescher’s tubules. ae size Rites 
certain species may @ length 

motere. When well developed they 

capsules—a dense outer capsule, which 
ated with minute canals (?) directed 
center of the parasite, and an inner 
membrane. Both represent di 
plasm (Doflein). The endoplasm, even 
cells, gives rise to numerous small ni 
spheres (pansporoblasts), which increase in size 
and each of which eventually becomes multinu- 
cleated and forms numerous kidney or sickle- 
shaped, nucleated sporoblasts. Each sporoblast 
finally gives rise or is changed into a well-charac- 
terized spore with a membrane and a nucleus. 
‘This process takes place first in the central part 
of the parasite, but eventually extends to the ends 
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as well. ‘The central part of the old parasites con 
tains only the empty network of endoplasm, the 
spores having disappeared, and a section at this 
point strongly resembles that of a tubule. 

The parasites are nourished through osmosis, 
None of the forms have definite motility. When 
the parasite outgrows the muscle cell which eon- 
tains it, it is freed and becomes an intercellular 
parasite. Rather vague Race! are made to 
tumor-like formation as a 

Sarcosporidia have been fomd onl only: in. verte+ 
brates, particularly in mammals; most often in 
sheep and hogs, but also in the horse, ox, mouse, 
rat. The muscles adjacent to the alimentary tract 
are involved principally (esophagus, intestines, 
diaphragm and abdominal muscles) and on this 
account it is supposed that infection takes place 
through the intestines, ‘The exact method of in 
oculation is not known. 

Sarcooystis lindemannt (Sarcocystis hominis or 
Gregarina lindemanni) is the only sarcosporidium 
ee identified in man, The parasites were 

as large as 1.6 millimeters long and 170 microns 
broad. They possessed a thin capsule, thickened 
at the ende, The epores were banana-shaped and 
from 8 to 9 microns long. The organisms were 
found in the muscles of the larynx. 


VL. BALANTIDIUM COLI. 

B. Coli is an infusorian (ciliate), with a more 
or less oval body, mouth opening and a short 
pharynx, is covered rather uniformly with short 
cilia, and presents longitudinal striations. It con- 
tains a bean-shaped chief nucleus and a secondary 
nucleus and two vacuoles on the right side. It meas- 
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YH. CERCOMONAS INTESTINALIS. 


This organism is small and colorless, the form 
spherical or oval. The single flagellum is for the 


moves); the eer ln Slag toe 
is subject to changes in form. psendopodia: 
are sometimes formed. The mae lics in the 
anterior half of the body, and cither here or on the 
sides are one or more vacuoles. A month 

is not differentiated, but at the base of the flagel- 
Jum food is taken in at a particular point through 
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a vacuole, Proliferation takes place through con- 
jugation, binary division and the formation of 
swarm spores (7) within encysted forms, They 
abound in fresh water and in infusions of grasses. 

‘They are not of great parasitic importance, al- 
though cercomonas has been found in the intes- 
tines, especially in inflammatory conditions (chol- 
era, typhoid), in pulmonary gangrene, putrid plu- 
ritis, and several forms have been observed in other 
animals, 

It is not yet certain that cercomonas may be an 
independent cause of enteritis. 


VIL. TRICHOMONAS, 


Rather emall, of a general pear-shapo, rounded 
or pointed anterior end, and possessing three or 
four long flagella. When only three flagella are 
present an undulating membrane surrounds the 
body like a spiral beginning at the base of the 
flagella and may prolong itself into a flagellum. 
‘The posterior extremity is moderately pointed, a 
nucleus lies in the anterior end, and toward the 
posterior are several non-contractile vacuoles, 
Methods of proliferation unknown (Doilein). 

‘Two species are found in man, Trichomonas 
vaginalis: possesses three flagella and an undu- 
lating membrane, and is of large size (from 15 to 
25 microns in length). It is found in the vaginal 
mucus, when of acid reaction, in a large percent- 
age of women (Dolflein), particularly in vaginal 
catarrhs, It disappears in an alkaline reaction, 

Trichomonas hominis s, intestinalis: also pos- 
sesses three flagella and an undulating membrane, 
but is smaller than 7. vaginalis. It is found os a 
parasite in the human intestines, particularly in 
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‘Cystomonas 
Plagiomonas wrinaria), found in the urine in cys- 
titis (Kiinstler). 
1X, COOCIDIOSIS. 
Coccidia are essentially cell parasites, | 

the epithelial cells of the intestines and liver, 
though they may be carried to other organs. They 
have an alternating asexual and sexual cycle of 
development. The young sickle-shaped and nu- 
cleated sporoaoite penetrates an epithelial coll, 
grows in size, and the nuclens subdivides many 
times to form new young cells, which eventually 
eseape again as sickle-shaped sporozoites. This 
asexual process is called schizogony. Several stages 
of schizogony may follow successively, but event- 
ually the organisms lose their proliferative power 
uniess they are fortified by a sexual eyele. In the 
sexual cycle (sporogony) some of the sporomites 
become differentiated into larger granular cells 
(fomale) and others into smaller cells (male). 


| 


COCCIDIOSIS, 695 


Of these two cells the male eventually divides into 
many flagellated microgametes, oach of which is 
able to penetrate and fertilize a female cell (macro- 
gamete). The female cell then forms a capsule, 
becomes an odcyst, divides into sporoblasta, each 
of which eventually forms sickle-shaped spores. 
which when liberated are again called sporozoites. 
Several species are recognized, depending on the 
number of spores formed by the otcyst. In some 
instances the spore formation takes place in the 
outer world, and when the odcyste are ingeated tho 
sporozoites are liberated. 

Coccidium cuniculi s. oviforme is a frequent 
parasite in the intestines and liver of the rabbit, 
oceurs occasionally in the same organs in man from 
association with rabbits (?), and causes a hemor- 
rhagic dysentery in the cattle of some countries 
(Switzerland), Horses, goats and swine may also 
be infected. 

Spore formation takes place outside the host. 
The odeyst is discharged in the feces and produces 
four spores, each of which forms two sporozoites. 
A new host is infected by the ingestion of spores. 

Diarrhea and emaciation result from infection 
of the intestines, and in the liver cheesy nodules 
(coceidia nodules) are formed, containing para- 
sifes, degenerated cells and proliferated epithe 
lium. A papillomatous proliferation of the epi- 
thelium of the bile passages and intestines may be 
produced. 

Ooccidium bigeminum, a coccidium in which 
the odcyst divides into two spore-containing cysts, 
has been found in man several times. 
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the body, but is most numerous in the 
marrow, and liver. 

Patton succeeded in obtaining growth 
puresite in the stomach of the bed 
seams probable that trinsmission occurs 
way. Rogers, acting on this supposition, 
to reduce the number of cases by ridding 
houses of bed bugs. 
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CHAPTER XXX 


GROUP VII 
DISEASES OF DOUITYUL OR UNKNOWN ETIOLOGY, 





I. HYDROPHOBIA. 


Following the investigations of Pasteur, in 
which it was found that the virus of hydrophobia 
exists in the central nervous system in pure cul- 
ture, the conditions seemed favorable for the dis- 
covery of the specific agent. As in the case of 
many other diseases, various bacilli, cocci, yeasts 
and so-called protozoa have been described as the 
cause, but satisfactory proof of their etiologic réle 
has not been provided. 

Certain protozoon-like bodies (Negri bodies) 
found by Negri’ in the ganglionic cells, are of a 
suggestive nature, ‘heir average diameter is 
about five microns, hut it varies between one and 
twenty-seven microns. ‘They possess a “round, 
oval, elliptical, or coarse triangular form” (Marx), 
are differentiated into a central granular and a 
peripheral structure and may be surrounded by a 
doubly-contoured membrane. Negri considers these 
hodies specific for hydrophobia and reliable as a 
basis for anatomic diagnosis, ‘They are found par- 
ticularly in the pyramidal cells in the cornu Am- 
monis, the cells of Purkinje in the cerebellum, 
and the large cella of the cerebral convolutions, 
Many others have confirmed the findings of Negri, 
and it is now generally conceded that the bodies 
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By prolonged centrifugation of an emulsion of 
infected nervous tissue the overlying fluid loses its 
infectiousness, 

The possibility that the organism secretes a sol- Texts, 
uble toxin is important from the standpoint of im- 
munization. A number of observers, particularly 
Babés, and Heller and Bertarelli, noted that fil- 
trates of infected nervous tissue sometimes cause 
emaciction, paralyses and eventual death without 
producing a disease which is transmissible to other 
animals, The organism is without doubt toxic, 
but these results give us no idea of the nature of 
the toxin, 

‘The virus of hydrophobia as contained in the Nesistanee 
central nervous system of infected animuls exhib- 
its etrong resistance to chemical germicide:, Five 
per cent, earbolic acid destroys it in fifty minutes, 
1 per cent. in three hours, and 1-1000 corrosive 
sublimatz in three hours (Marx). It resists the 
action of putrefactive bacteria, and has been found 
virulent in animals which had been buried for two 
to four weeks, even when the brain was putrid. Di- 
rect sunlight destroys it, however, in a very short 
time. According to Tizzoni and Bongiovanni, the 
rays of radium have » destructive action on the 
virus, It is less resistant to heat, being destroyed in 
one-half hour at a temperature of 52-58° ©. 
(Hogyes), but is not affected by the temperature 
of liquid air for three months. Chlorin destroys 
it very rupidly. It is gradually weakened by 
desiccation, as first shown by Pasteur, the virus 
probably undergoing gradual death rather than 
mere attenuation, It is said to he attenuated by 
the action of the gastric juice and by the bile. 
When the nervous tissue is emulsified in glycerin, | 
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montha, a 
between twenty and sixty days y, but may be 
peirierepelger st heed a Le 
months (rare). In children it ie shorter than in 
adults. ‘The location of the bite is also of impor- 


quantities of virus, and on larger surfaces for its 
virulent, and next in virulence is the bite of tho 


hydrophobia. Correct figures on this point are dif- 
fienlt to obtain, since in many instances the ani- 
mals are only suspected of being rabid. According 
to Higyes, from 15 to 16 per cent. of those who 
are bitten contract hydrophobia, The jiage 
is much higher following bites by the wolf. ‘The 
disonee is invariably fatal to man. 

‘The symptoms of hydrophobia in man differ in 
no essontial respects from those seen in animals. 

‘The immediate determination of hydrophobia 
in dogs which have bitten man is of the greatest 
importance. In many instances the behavior of the 
animal ie sufficiently characteristic to justify clin- 
ical diagnosis of the disease, The disposition of 
the animal changes suddenly, it ceases to play, cate 
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PATHOLOGY. 


various indigestible substances, as glass, iron and 
wood, utters pathognomonic (?) long-drawn-out 
howls, may become ferocious, or, on the other 
hand, quiet and sullen. At autopsy the meninges 
and nervous tissue are congested if the disease is 
advanced, and the indigestible substances men- 
tioned may be found in the stomach, although the 
Jatter finding has little or no diagnostic importance. 

A number of histologic changes have been de- 
scribed as characteristic, Among these are the 
bodies of Negri, described above, Remlinger at- 
taches a great deal of importance to them as a 
means of diagnosis. Babes describes perivascular 
nodules of lymphoid cells (Wutknotchen) in the 
medulla and cord. The lesion of Van Gehuchten 
consists of a proliferation of the endothelial celle 
(neuronophages) surrounding the ganglionic cells, 
the latter at the same time undergoing atrophic 
and degenerative changes. This change is most 
marked in the cervical ganglia. One group of ob- 
servers finds these lesions constant in animals 
which have died of hydrophobia, but they may be 
absent if the animal is killed during the course of 
the disease; hence their absence does not exclude 
the diagnosis of hydrophobia, Others have found 
similar changes in other diseases. Metchnikoff, 
it will be remembered, observed the destruction of 
ganglionic cells, hy neuronophages in aged dogs 
(page 309). 

We are hardly able at present to consider these 
changes as pathognomonic. Particularly in early 
stages of the disease they may be absent. The bite 
of a rabid dog is infections in from two to four 
days in advance of the development of symptoms, 
and autopsy performed at this time may show 
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is conveyed to the central nervons ays am by meant 
of the peripheral nerves. The is then are 
similar to these in tetanus with this exeeption: In 


plains the shorter incubation period in hydropho- 
bia, a8 in tetanus, when the infection atrium is 
near the central nervous system (¢, g., face). When 
the infection is introduced into any 

part of the body aaag virus it denon: 
strable in the corres; it con: 
tral nervous system. ‘Alouge trenamiaioe by 
the nerves is the rule, infection may be accom- 
plished in rabbits by intravascular injection. On 
the whole, however, infection is closely associated 
with the wounding of nerves, It has indeed 


bits (Marx) the fall virulent nervous tissue may 
be used for immunization. A single injection of a 
large quantity brought about immunity in twelve 


in which hydrophobia is known to occur, No mat- 
ter how thoroughly the cauterization and antisep- 
tic treatment of wounds is carried out it can in no 
case be depended on to destroy the virus. Even 
within five minutes the virus may be carried to » 
point which is beyond the reach of the cautery. In. 
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spite of this fact, however, cauterization should 
not be neglected, even when the Pasteur treatment 
ean be instituted at once. The greater the quantity 
of virus introduced by the bite the shorter will be 
the incubation period, and there is good reason to 
believe that cauterization (actual cautery) prop- 
erly carried out destroys x sufficient amount of 
virus to prolong the incubation period. A long 
incubation period is greatly in favor of the success 
of the Pasteur treatment. 

In communities in which hydrophobia is known 
to be endemic, in all cases of dog bite accompanied 
by penetration of the skin, the patient should re- 
ceive the Pastour treatment. 

Pasteur’s first protective inoculations were car- 


ried out with virus which had been attenuated by ¥ 





passage through the mankey. The virus firé ob- 
tained from the rabbit, as described above, was 
soon subatituted for that of the monkey. In order 
that an antirabic institute may continuously have 
on hand a sufficient amount of vaccine, it is neces- 
sary to inoculate two or three rabbits daily. For 
this purpose an emulsion of the medulla of a rab- 
bit which hes died of hydrophobia is inoculated be- 
neath the dura mater. A short time before the 
animals would die of the disease, they are killed 
by bleeding, and the spinal cords removed with all 
possible precautions for agepsis, Each cord is cut 
into two parts and each part suspended in a prop- 
erly constracted jar which contains solid potas- 
sium hydrate. After the jar is sealed desiccation 
is allowed to proceod for fourteen days, at the end 
of which time the infectionaness of the tissue has 
so decreased that it is suitable for the first injec- 
tion. The vaccine should be free from bacteria. 
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The table on page 708, taken from Marx, illus- 
trates a “light” and an “intensive” treatment, 

This scheme is variously modified in different 
institutes, especially in the direction of a more 
rapid progression to virulent material. 

Other methods of attenuation are also used, as 
the following: Heating emulsions of fresh virus 
at 58° ©, for different lengths of time, or at dif- 
forent temperatures (80° to 30° C.) for ten min- 
utes (Babés-Puscari) ; digestion of virus with nat- 
ural or artificial gastric juice (Tizzoni and Cen- 
tanni); the use of fresh but very dilute viros 
(Hoégyes). Ferran, in Barcelona, inoculates man 
with the fresh unaltered virus fizé, and in nearly 
2,000 cases but two cases of hydrophobia devel- 
oped. his indicates clearly the low infectious- 
ness of virus fixé for man. 

"The tendency at present is toward the uso of 
fresh rabic virus for the prophylactic treatment of 
hydrophobia. This is the method of Hégyes, and 
alzo of Ferran. Higyes’ first injection consists of 
3 cc, of a 1 to 10,000 or 1 to 8,000 dilution af 
the fresh rabic cord, and gradually within the next 
fourteen days the concentration is increased until 
1 cc. of a dilution of 1 to 100 is given. 

In order to obtain a basis of comparison for 
the different methods of treatment Harvey and 
MeKendrick have proposed an arbitrary unit of 
standardization for rabie virus, For this purpose 
they agreed to consider that 0.2 ec. of a L per 
eent. emulsion of the fresh virus fixé contains 
1,000 units, From this it follows that 0.2 cc. 
of a 1 to 1,000 emulsion would contain 100 unit 
and 0.2 cc. of a 1 to 1,000 dilution, 10 unite. 
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a 1 in 200 emulsion. (3) Tn the same way the 
M. 1. D. (minimum infective dose) for an emul- 
sion of three-day cord is 0.2 cc. of a 1 in 200 
emulsion. (4) ‘The M. L. D. of two-day cord is 
not greater than 0.2 cc. of a L in 1,000 emulsion 
and probably not less than 0.2 cc. of a 1 in 2,000 
emulsion. (5) The M. I. D, of one-day cord is 
not greater than 0.2 cc. of a 1 in 4,000 emulsion 
and almost certainly not less than 0.2 cc of a 
1 in 8,000 emulsion (the lower accepted limit of 
fresh material). (6) Frosh material is infective 
(MT. D.) in a dose of 0.2 ec. of a 1 in 8,000 
dilution and may be so in considerably higher 
dilutions even up to 1 in 40,000, but with such 
high dilutions the experimental errors become so 
great os to preclude any more exact fixation of 
the M. 1. D.” 

Although these results are not mathematically 
exact, it is probable that they may be used as a 
working basis, and from them it is possible to 
calculate the number of units in a given amount 
of rabic cord dried for different periods. Harvey 
and MeKendrick estimate that in both the Pas- 
teurian method and that of Hégyes little more 
than 25,000 units are administered during the 
course of treatment, 

Tt seams unnecessary at this date to quote sta- 
tistics to show the value of the Pasteur treatment. 
Observations indicate that immunity is not fully 
established until about fourteen days after the 
completion of the treatment, and in a certain num~ 
ber of cases the disease develops before this time 
has passed. The number of deaths after this po- 
riod is exceedingly small and has grown less with 
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id ner- 
yous tissue ia made into an emulsion with salt 


solution in a dilution of 1 to 100, and then | 


Paper to remove coarse particles of tissue. 


Babés and Lepp also showed that the immune 
serum has protective powers which are analogous 
in their efficiency with those of bactericidal serams. 
Babéa advocates and practices the mixed method 
of immunization in severe cases, immune serum be- 
ing injected in addition to the viras. The serum 
has little or no curative value. 
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I, YELLOW FEVER, 


‘Yellow fever ia peculiarly an American disease, 
and it has reached other continents (e. g., Spain) 
only in accidental waye and for brief periods, It 
is possibly endemic in certain portions of West 
Africa (Sierra Leone), to which it was probably 
carried from the Antilles (Scheube). Scheube 
regards the Antilles as the birthplace of yellow 
fever. Knowledge of it extends only to the middle 
of the seventeenth century, at which time it 
surely existed in the West Indies. The dis- 
ease has on several occasions been carried to 
Spain by vessels returning from Cuban ports. 
Until very recent times it was endemic in 
Cuba, especially Havana, and in Vera Croz 
and other Spanish-American ports it has prevailed 
extensively. From such points extension frequent- 
ly takes place into adjacent tropical or subtropical 
regions, or even into temperate localities during 
the summer months. In the latter part of the 
eighteenth century Philadelphia suffered very se- 
yerely. Baltimore was attacked similarly and Bos- 
ton to a less degree. Other northern ports, e, g., 
New York, have experienced attacks of limited 
duration, the disease, presumably, being intro- 
duced by means of infected ships. 

Tn addition to our southern coasts and that of 
Mexico, the Atlantic coast of South America has 
been infected as far south ag Buenos Ayres, and 
likewise the western const of Mexico and Peru. In 
the eighteenth centary the coast of Spain and 
Portugal suffered severely, but since that time 
only minor epidemics have occurred in these conn- 
tries. Epidemics frequently have appeared on 
ships aftor they had loft infected porte. 





Phe Mosqutie 
‘Theory. 


1006, A869, 1867, 1574, 1275 100 Bow 
degrees times, in all ninety-six times. 
severest epidemics were those of 1853 and 1878, 
‘The many microbes which have been cited as the 
canse of yellow fever néed not ba described. The 
Bacillus icteroides of Sanarelli, which had at- 
teins) moe penilanaes See 
by Sternberg, by Reed and and by the more 
recent on mesquito theory, to bear no 
causal relationship to the disease. ling to 


Reed and Carroll it is identical with the 
Se work of Reed, Carroll, Agra- 

The monumental o 
monte and Lazear (1900), the last of whom lost 
his life from yellow fever, hes made it possible 
to replace accurate knowledge of the epi 
and prophylaxis of yellow fever and, to « certain 
extent, of its etiology, for many incorrect ideas 
which had prevailed up to that time, 

‘The conception that yellow fever is transferred 
from one person to another by mosquitoes was 
first advanced positively by Carlos Finlay, a 
Cuban physician, in 1881, although several Ameri- 
can physicians had long before noted the preva- 
lence of mosquitoes during yellow fever outbreake 
(Rush, 1793; Woightman, 1839; Wood, 1853; 
Barton, 1853), Finlay reported the transmission 
of the disease, experimentally, by the bites of mos- 
quitoes which had fed on yellow-fever patients, 
and stated that light attacks which followed the 
bites resulted in the extublishment of immunity, 
‘The subsequent observations of Reed and his ¢o- 
workers indicate, however, that Finlay’s technic 
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‘was such that he could not possibly have produced 
experimental fever, and that the development of 
the disease in his subjects was purely a coincidence. 
‘The reason for this will appear below. 

Having satisfied themselves that Bacillus icte- 
roides is but an accidental organism in yellow 
fever, and that it is found under normal condi- 
tions as well, Reed and his associates began work 
on the mosquito hypothesis of Finlay. The first 
positive result was obtained in the case of Dr. Car- 
roll. Carroll “was bitten at 2 p, m., Aug, 27, 1900, 
by Stogomyia fasciata. This particular mosquito 
had bitten a severe case of yellow fever on the 
second day of the disease, twelve days before; = 
mild case of yellow fever on the first day of the 
attack, six days preceding; a severe case of yellow 
fever on the second day of the attack, four days 
before; a mild case of yellow fever on the second 
day of attack, two days before inoculation.” After 
an incubation period of three days, Carrol! devel- 
oped typical and eevere yellow fever, from which 
he recovered. A similar result in one other case 
was reported at this time, and later Camp Lazear, 
with mosquito-proof houses, was established for the 
continuation of the study, The experiments of 
Reed and his co-workers, and confirmatory work by 
Guiteras and the French commission, can not be 
described in this place. We may feel sure, how- 
ever, that with all the conditions of experimenta- 
tion under absolute control the following points 
have been determined with scientific certainty: 1. 
Yellow fever may be transferred from a patient to 
a non-immune by the bite of a mosquito—Stego- 
myia fasciata—which has previously fed on a 
yellow-fevor pationt, 2. In order that the mos- 











food on pear es blood within the first few 
days eee 3. The mosquito 
can not transfer yellow fever directly and imme- 
diately from the patient to a non-immune, but i 


fectious for at least fifty-seven days and 

throughout his life. 4. Yellow fever can not be 
transferred by “fomites.” 6, The subcutaneous in- 
jection of yellow fever blood into a non-immune 
produces yellow fever, hence the infecting agent 
exists in the circulation, 6, The serum of a yel- 
low fever patient, after being diluted and filtered 
through a Berkefeld filter (Reed and Carroll) or 
Chamberland B porcelain filter (Rosenau, Parker, 
Francis and Beyer) is infectious, hence the in- 
focting agent at some stage of its development ia 
very minute, possibly ultramicroseopic. 7 “An 
attack of yellow fever produced by the bite of a 
mosquito confers immunity against the subsequent 
injection of the blood of an individual suffering 
from the non-experimental form of this disease” 
(Reed, Carroll and Agramonte). 8. The period of 
incubation usually is three days, but may vary 
within the limits of from two to six days. 9. “A 
house may be said to be infected with yellow fever 
only when there are present within its walls con- 
taminated mosquitocs capable of conveying the 
parasite of the disease.” 10. “The spread of yel- 
low fever can be most effectually controlled by 
measures directed to the destruction of mosquitoes 
and the protection of the sick against the bites of 
these inseets."* 11. No mosquito other than Stego- 
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myia fasciata has been found capable of transmit- 
ting the disease, and analogies suggest the proba- 
bility that no _ insect is concerned, 

‘These many facts in rela~ 


tion to yellow Hea which had rd obscure hither- 3 


to. For example, yellow fever is a tropical and 
subtropical disease only because Stegomyia fas- 
ciate breeds in tropical and subtropical climates. 
The disease is found in low, moist localities rather 
than in the high and dry, because the mosquito in- 
habits the former and not the latter. Yellow 
fever dies out with the first severe frost or on the 
advent of cool weather because these conditions 
either kill the mosquito or cause him to hibernate, 
‘The advent of an initial case of yellow fever in a 
suitable region is followed by the appearance of the 
disease in epidemic form only after a period of two 
or three weeks, because the mosquito first becomes 
infectious in about two weeke after it has fed on 
yellow fever blood; this may correspond with a 
certain stage of development of the as yet unrecog- 
nized parasite. The observation often made that 
yellow fever, like malaria, is not contagious in the 
ordinary sense, in spite of its rapid extension, is 
readily understood, as is the irregular method in 
which the disease spreads. It is now clear why the 
disinfection of fomites has never been able to 
check the advance of an epidemie, and why the 
ordinary quarantine mensures which did not take 
the mosquito into consideration were not effective 
in keeping the disease out of a favorable port; and 
by a favorable port is meant one which can harbor 
Stegomyia fasciata. These discoveries also ox- 
plain how yellow fever could be stamped out of 
Havana, Texas and New Orleans by prophylactic, 
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Heed and Carroll found the larve of stegomyia 
“(1) in rain-water barrels; (2) in tin cans that 
had been used for removing excreta and which 
still contained a emall amount of fecal matter; 
(3) im sagging gutters containing rain water; 
(4) in cesspoole; (5) in tin cans placed about 
table legs to prevent the inroads of red ante; (6) 
in the collection of water at the base of the leaves 
of the agave americana; (7) in one end of a 
horse trough that was in daily use” These in- 
stances are cited to show the general character of 
the places in which the eggs and larve of stegomyia 
may be found. The eggs are deposited during the 
night, in about seven days after the ingestion of 
‘blood, and “in pairs, in groups of three or more 
or singly,” to the number of forty-seven on the 
average (Reed and Carroll). The eggs are very 
resistant to drying and extreme cold (—17° ©.). 
With a favorable temperature they hatch in from 
three to seven days; the larval stage lasts for seven 
days, the pupal two days, the total cycle being 
completed in about twelve days. As in the case of 
anopheles, only the female stegomyia sucks blood. 
The insect prefers the hours from 3 p. m. to 9 a. 
m. for feeding, but is most active from 4 p. m. 
to midnight. “In captivity the hungry impreg- 
nated female will bite at any hour of the day or 
night.” In a state of freedom it will not bite a 
second time for from five to seven days. Tt ap- 
pears not to bite when the temperature is lower 
than 62° F., another factor in the subsidence 
of yellow fever with the advent of cool weather. 
For further details concerning the morphology, 
biology and habits of stegomyia consult Howard 
on “The Mosquito”; Reed and Carroll, “The Pro- 
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ortatton Yellow fover cases and stegomyia work together 
Per eit the extension of the diwase just as malarial 
cases and anopheles do in the extension of ma- 

laria; for the involved the chapter on 


comes about in this way. It is frequently 


from yellow fever; Grubbs, however, believes that 
stegomyia may reach vessels lying within fifteen 
miles of the shore if the wind is favorable. The 
insect readily boards a vessel lying in an infected 
port and may remain there at least during 9 sev- 
enteen days’ voyage. It may also breed in suitable 
barrels or tanks of water on the ship. Under these 
conditions it is readily understood how a 
leaving a harbor with a healthy crew, may be at- 
tacked by yellow fever a few days after leaving 
port; and how any quarantine measure at a now 
port which does not involve the destruction of the 
mosquitoes on the boat and the protection of the 
patients from the bites of mosquitoce is inadequate. 
Nertstanee Ag stated, the nature of the virus is unknown, 
" Tts filterability was mentioned. A temperature 
of 56° ©, for ten minute: renders innocuous 
tho defibrinated blood of the infected; according to 
the French Commission (Marchoux, i 
and Simond) the virus is destroyed in five minutes 
at this temperature. ‘The latter also found that 
defibrinated blood when sealed under vaselin re- 
tained ita virulence for five, but not for eight days. 
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‘The toxic substance appears to have a strong af- 
finity for the parenchymatous organs, particularly 
the liver and kidney. 

‘The essential principles of prophylaxis have 
been alluded to: 1, the destruction of breeding 
places for the mosquito as described in the section 
on malaria; 2, the isolation of patients, screened, 
to exclude mosquitoes; 3, the destruction of mos- 
quitoes found in infected honses or ships; 4, the 
individual factor of avoiding the bites of mos- 
quitoes, which involves the screening of houses, 
and individual care. One may go about more 
safely in the middle of the day than before 9 a. 
m. and after 3 p.m. For the disinfection of 
houses, i. e., for the destruction of mosquitoes, two 
pounds of tobacco or two pounds of pyrethrum 
powder per 1,000 cubic feet of space may be burned 
after the rooms are sealed. When smaller quan- 
tities are used the insects may be only stupified, 
and should be collected and burned (Rosenau, Par- 
ker, Beyer and Pothier). Sulphur dioxid is highly 
efficient, but formaldehyd is valucleas as an in- 
secticide (Rosenau). 


The negro is less susceptible to yellow fever than e 


the white man and in him the mortality is lower. 
Among the natives the mortality is from 7 to 10 
per cent., among the whites from 20 to 80 per cent. 
(Scheube). The statement that Caucasians may 
become “acclimated” so that they are less suscep- 
tible needs additional investigation. It seems im- 
possible thut acclimatization could mean anything 
else than active immunization. Children and the 
agod aro attacked less frequently than those bo- 
tween the ages of ten and thirty. 

An attack of yellow fever, whether experimental 
or natural, confers immunity of long or lasting du- 
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connected by a fine filament. They occur both in 
the red corpuscles and in the plasma. As they 
grow larger, two to three by three to five microns, 
only one parasite usually is found within an ery- 
throcyte, and in this stage they show setive ame- 
boid movement with the formation of pseudopodia, 
Eventually they assume a sphorical form in fresh 

itions. They were able to transfer the in- 
fection to rabbits by the inoculation of infected 
blood. 

After identifying the organism as a piroplasma 
and having in mind the part that ticks play in the 
transmission of Texas fever, and perhaps piroplas- 
mosis in other animals (horse, sheep, dog), Wilson 
and Chowning directed their attention to the ques- 
tion of tick bites in those who become infected. 
Tt developed that of the twenty-three cases exam- 
ined in 1903 all had been bitten by ticks, and 
fourteen had been bitten in from two to eight 
days before the onset of the disease, They con- 
eluded that the disease is transmitted in this 
manner. 

They also searched for some other host. than 
man, in which the parasites might flourish contin- 
uously and constitute a source of infection for the 
ticks. This they believe was found in a certain 
gopher (Spermophilus columbianus), On the west 
side of the river—that aide in which the disease 
attacks man—they found the erythrocytes of about 
20 per cent. of the gophers infected with a parasite 
similar to that found in man. On the other hand, 
the blood of sixty-two gophers from the uninfected 
side of the river showed no parasites. “Early in 
the spring the spermophile is said to harbor great 
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guinea-pig appear 

from two to five days. There is 

temperature to 105° or 106° F., with a 

ized roseolar eraption. Swelling and hemorzh: 

of the scrotum or vnlva occurs. The symptoms are 
diagnostic when they occur typically. ‘The mon- 


Ricketts and King, working independently, were 
able to tranamit spotted fever from diseased to 
normal guinea-pigs by allowing ticks which had 
fed on disewsod pigs to bite normal pigs. Ricketts 
and Wilder were able to show that up to 50 per 
cent. of infected ticks transmitted the infection to 
their young. It was found that nymphs develop- 
ing from infected larva were infectious for guinea~ 
pigs, and that in a similar way adult ticks devel- 





oping from nymphs were able to transmit spotted | 
fover. Naturally infocted ticks wore discoveerd in | 
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1907. In order to ascertain the probable source 
of the virus as occurring in the tick, Ricketts 
showed that ground squirrels, rock squirrels, chip- 
munks and ground-hogs were susceptible to the 
disease. 

Ricketts concludes as follows as to the mainte- 
nance of spotted fever: “In accordance with the 
results and deductions which have been outlined, 
it is conceived that spotted fever is maintained as 
follows: A certain percentage of the female ticks 
which have acquired the disease as a consequence 
of feeding on animals, the latter having been in- 
fected by other ticks, transmit the disease to their 
offspring through the egg. The new generation, 
during the process of feeding, transfer the virus 
to certain of the susceptible small wild animals 
(ground squirrels, rock squirrels, chipmunks, 
ground hogs, and perhaps others), and this may 
take place during either the larval, nymphal or 
adult stage, hence at various times of the year. 
During the infection of the wild animal it is re- 
quired that hitherto normal ticks, either as larve, 
nymphs or adults, acquire the disease by feeding 
simultaneously with, or shortly after, the feeding 
of the infected ticks, Regardless of the tick’s 
stage of development at the time it acquired the 
disease, the virus is retained into the adult period, 
and in certain of the females reaches the germ 
cells and again appears in the next generation. 
The infection of man is an unessential incident 
for maintenance, and depends on the occasional 
and accidental bite of the infected adult tick.” 

The virus of spotted fever is not filterable 
through Berkefeld candles, The eggs of infec- 


Maintenance. 





Immunity. No authoritative report of a socond attack of 


guinea-pig and monkey produces a strong active 
immunity of long duration, ‘This immunity ix 
characterized by the presence of protective anti- 
bodies in the serum which may be demonstrated , 
by injecting mixtures of virus and immune serum. 

The concentration of the antibodies in the blood 

of the immune animal undergoes a decrease in the 

course of several weeks. 

The female that has recovered from spotted 
fever transmits immunity to her young. ‘The 
young are immune even when the female acquired 
her immunity several months before impregna- 
tion, The immunity of the young does not de- 
pend on the ingestion of milk from the immune 
mother. ‘The character of the inherited immunity 
has not yet been determined, although it is pre~ 
sumptively a passive immunity that differs from 
the passive immunity conferred by the injection 
of immune serum by its longer duration. The 
long duration of the inherited immunity may 
depend on the longer time required for the climi- 
nation of large quantities of protective substances. 

Passive immunity may be established in the 
healthy guinea-pig by the injection of blood or 


el 
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serum from the immune guinea-pig. The immune 
deflbrinated blood contains antibodies in such con= 
centration that 0.1 ¢.¢. often protects against 1 
e.c. of third-day virus, representing anywhere 
from 30 to 100 minimum pathogenic doses. In 
other instances 0.3 or 0.4 ¢.c. of immune blood 
are required for this degree of protection. When 
1 c.c. of strong immune blood is injected subcu- 
taneously into healthy guinea-pigs, the passive 
immunity is still present in marked degree after 
twenty days; after thirty-eight days it is present 
only in such degroe that a mild course of spotted 
fever results when virus is injected; after forty- 
five days it is no longer manifest. Tt is possible 
that passive immunity would not last so long if 
the immune blood is injected into a foreign 
species, 

‘The guinea-pig may be protected against spotted 
fever following its inoculation with infected blood, 
provided the immune blood is administered on 
the second or third day after inoculation. 

The work of Ricketts indicates that efforts at 
prophylaxis are to be directed toward the exter- 
mination of ticks and the wild animale which 
harbor thom. 

Serotherapy will probably depend on the culti- 
vation of the microbit cause of the disease, 


IV. TYPHUS FEVER. 
‘Typhus is now a rare disense, It is endemic on 











a small scale in London, Glasgow and Liverpool, gi. 


nnd cases occur in the larger cities of Ireland. In 
epidemic form it attacks localities in which the 
hygienic conditions aro bad. The contagion seams 


i 


3 





Me | ee 
at fH 


y by pasenge 





day 
‘the 


mined the following points: 
other monkeys were 


can be infected with arti 
injection of virulent 

the eighth to tenth 

maintuin typhas in 


wore confirmed by Ricketts rand Wa 






i 





TYPHUS FRVER. 12 


may pass throngh an attack of typhus so mild 
that it can not be recognized clinically, Vaccina- 
tion results.” 

Nicolle succeeded in transmitting the typhus 
fover of Tunis from chimpanzees to monkeys by 
means of the common body louse. Anderson and 
Goldberger and Ricketts and Wilder succeeded in 
producing tabardillo in the monkey through the 
bite of the louse. The lice were allowed to feed 
on the blood of patients with tabardillo and sub- 
sequently permitted to bite the monkeys. Ricketts 
and Wilder also demonstrated that infected lice 
transmitted the infection to their eggs, which gave 
rise to lice capable of infecting monkeys. Their 
observations of the spread of the disease render it 
reasonably certain that lice are the ordinary means 
of transmission. Studies on the bed bug and flea 
indicate that they play no part in the spread of 
this infection. 

The virus of typhus fever is not filterable. 
Various organiams have been described in the 
blood. Ricketts and Wilder deacribe a small bac- 
illus in stained blood preparations. ‘The organism 
resembles the plague bacillus and those organisms 
described in spotted fever. The organism was 
also found in the intestinal tract of infected lice. 
Cultivation was unsuccessful. Further studies 
are necessary to establish the etiologic relation 
ship to typhus. 

The production of immunity through a light 
attack of typhus in the monkey has already been 
mentioned. The serum of conyaleacents is said to 
be curative in a moderate degree (Legrain), 
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738 INFECTION AND DEMUNITY, 
V. DENGUE FEVER, 


Dengue occurs in numerous countries which af- 
ford a warm climate. Re ee 
Arabia, ‘Honduras, the 
and the Sandwich Islands, Important centers for 


may be introduced into new regions by means 
infected ships. 

“Dengue T cree ina mente MReL oa tae 
distinguished by the appearance of an initial and 


Corre- 
sponding with the two eruptions, there are charac- 
teristically two periods of temperature separated 
by a short period of apyrexia. The intense muscu- 
Jar pains and asthenia resemble those of influenza, 
the respiratory affections of the latter being absent, 
however. The incubation period varies from = few 
hours to four or five days, usually one or two, and 
the entire duration from six to seven 

Eberle, in 1904, advanced the hypothesis that 
dengue is transmitted by a mosquito (Culex faté 
ganz). He described a “plasmeba” in the blood 


individuals. They were able to produce tho dia- 
ease by allowing mosquitoes, which bad fed on 
dengue patients, to bite healthy men, Their 
studies also showed that the distribution of the 
Culex fatagans corresponded with that of dengue, 
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thus putting the hypothesis of Eberle on a firm 
oe 


isis. 

Ashburn and Craig wero unable to find the or- Fitterawinity 

ism responsible for the disease, but demon- 
strated that the filtered blood of infected persons 
can produce the disease in healthy subjects. They 
were unable to cultivate or detect in other ways 
any micro-organisms. 

According to Ashburn and Craig, an attack of 
dengue confers immunity. They were unable to 
produce a second attack by the injection of infec- 
tious blood in individuals who had recovered from 
the disease, 


VI. ACUTE ANTICULAR RHEUMATIBM. 
(See p. 525.) 
VII, SMALLPOX AND VACOINIA. 


Vaccinia and smallpox may be considered to- 
gether, having in mind the likelihood or, indeed, 
the certainty, that they have a common etiology. i 
This view eoems the only possible one, in gpite of 
our uncertainty as-to the exact nature of the cause. 
“To hold a different view would be to acknowledge 

that immunization with one kind of microbe may 

confer immunity of the strongest and most spe- } 
cific character against another, a condition for | 
which we could find no parallel. 

More satisfactory knowledge, however, comes tne 
from actual conversion of smallpox virus into vac- 
cine virus by passing the former through cows. 
Abbot quotes W. J. Simpson as follows: “In No- 
vamber, 1885, with smallpox lymph from an un- 
vaccinated patient, 1 inoculated a cow with fifth- 
day lymph and a ewe with eight-day lymph from 
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withch De Cay sen eee eee - 
‘ing it on children, was a 
noe racdna ae tha esta "Sete Noy 
poder dora pe Ait peter irs 
vaccinated with this lymph and gave 
cent, insertions of success,” 
Concerning the changes which smallpox virus 
undergoes in. the cow, as a result of which it loses 


sualipes =H Sis pect Ee ee oe tere 
of primary significance, but that they have been 
either accidental contaminations or the causes of 


‘There are two chief theories as to the cause of 
smallpox (and vaccinia) to-day, One, that the virus 
is an ultra-mieroseopic and uncultivatable organ- 
ism; and a second, that it is represented by certain 
protozoon-like bodies ecen in the specific lesions 
(vesicles, pustules) of both vaccinia and emallpox. 
Concerning the first theory we know nothing be- 
yond the observation of Parke that the virus of both 
yaccinia and variola did not pass through Berke- 
feld and Chamberland filters under the conditions 
of his experiments, Of the second theory a brief 
review may be given, 
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Protozoon-like bodies have been by many Crtorrotes 
observers and were first brought into causal rela- Protoanon, (ty 
tion with smallpox by Van der Toeff and by L. | 
Pfiefler (1887), Guarnieri (1892), however, gave 
the subject its present impetus by a careful etudy 
of these forms as seen in vaccinia and gave to the 
hypothetical organism the name of Cytoryctes vac- 
cini@, s, variola, The bodies were found within 
the deep epithelial cells in the pustules of vaccinia 
and smallpox and in the lesions produced on the 
cornea of the rabbit by inoculation with the viruses 
of vaccinia and smallpox. ‘They lie within clear 
spaces in the protoplasm of the cells, vary in size 
from that of a micrococens to that of an epithelial 
nucleus and multiply, it was supposed, by binary 
divizion. When mounted in hanging-drops of the 
vesicular fluid they showed ameboid movements. 
Confirmatory work came from others, and partic- 
ularly Wasilewski, who concluded that the “vae- 
cine bodies” are perfectly characteristic, that they 
are never found in normal or other pathological 
conditions of the skin, that they can not originate 
from leucocytes or epithelial cells, and hence can 
not be accidental “cell inclusions.” Filtered yirus 
produced no lesions in the cornea of the rabbit. 

Recently Councilman, Magrath and Brincker- Werk Ae 
hoff have studied thie eupposed organism in great and Others, 
detail and find, in addition to the forms in the ey- 
toplasm (cytoplasmic parasites), still others within 
the nucleus of the epithelial cells of the vesicles 
and pustules. They express the belief that the or- 
gunism first gains entrance to the cytoplasm of the 
cells, and after a period of “multiplicative prolif- 
eration,” the products of the latter process pene- \ 
trate the nuclei of the epithelial cells and there 
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Howard: and Perkins find, in addition to the oyto- 
plasmic stage of Councilman and his co-workers, a sec 
ond cytoplasmic stage, the products of which 
the nucleus to institute the intranuclear stages. Cal- 


“The germs formed by the multiplicative reproduction 
of the cytoplasmic ameboid form of the parasite may 
develop into new cytoplasmic organisms or 

become colls within the nucleus of the epithe- 
Tia! call, Tm the atiar ep they develop. Ino true 
tures which I regard as gametocytes, The resulting 
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‘The conctusfon that conjugation takes place te based 
on certain analogies with other 


finally grows to a size of 10 to 12 microns and forms 
within it from eight to twenty “primary sporoblasts.”* 
‘The young sporoblasts are eventually berated from the 
mother cell and are at first solid and homogencous, tke 
the gemmules, but later when they have reached a size of 
146 to 2 microns small vacuoles appear in the peripheral 
ring of substance and in each vacuole x young spore is 
formed. ‘The formation of these apores terminates the 
“primary nuclear phase” of the organism. ‘These spores, 
still within the nucleus of the epithelini cell, become, 
in their turn, sporoblasts, and the formation of a large 
number of secondary spores within them constitutes the 
secondary nuclear phase of a parasite, In tho mean- 
tiene the nucleus of the epithelial cell has degenerated, 
and the secondary sporoblast with its contained spores 
escapes first into the cytoplasm and eventually inte the 
poricellular space, In accordance with this conception 
the intranuclear process is well calculated to give rise 
to a massive number of young. parasites within the body. 
Councilman, Magrath and Drinckerhoif state that after 
the tenth day of the disease the parasites become more 
and more difficult of recogniticn by microscopic methods. 
Howerer, Brinckerhoff found that even the desicented 
crusts of pustules and vesicles produce typical loxions 
fon tho cornea of tho rabbit, These forma have never 
been recognized positively in the blood of pationts, and 
Magrath and Brinckerhoff were not able to produce le~ 
‘sions in the rabbit's cornea by inoculation of variolous 
blood. ‘The general distribution of the lesions in the 
akin and the occurrence of fetal smallpox gives us abun- 
dant reason for believing that the blood atream is in- 
vaded by the parneites. 

Tt was stated above that bodies of the general mature 
of those described are found in vaccinia as well as in 
amallpox, and this occurrence ia come added reason for 
belleving that Cytoryotes variole, «, vaccinia, ia the 
cause of these processes. It is a most interesting and 
important observation by tho American authors cited 
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of degeneration of the epithelial cells and nuclei 
or as inclusions of other tissue cells (2. g., leuco 
cytes, Borrol) or fragments of other nuclei, Ewing 
expresses similar views. The state of the question 
is such that further study is urgently called for. 
We have no positive knowledge as to infection 


atrium in smallpox, although the existence of a 


“contagious zone” of at about the pat 

ig good ground forthe belief that invasion takes 
place through the respiratory passages. The disease 
which follows introduction of the virus into the 
ekin ie spoken of ag variola inoculata, and is much 
Joss severe than smallpox, We are also ignorant to 
a large degree of the means of excretion or dissem- 
mination of the virua. Oeler states that the virus 
“exists in the secretions and excretions and in the 


t 


" exhalations from the lungs and skin.” The dried 


epithelial celle which are continuously thrown off 
are no doubt « most important means of disseminn- 
tion. Infection may be tranamitted by meana of 
clothing or other materials which have been in eon- 
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tact with patients, and the disease may be carried 
to others ea ‘the sickroom by a healthy person. 
Epidemiologic experience teaches that the virus is 
one of great resistance and tenacity. 

‘The incubation period in variola falls within the 
extremes of eight to twenty days, most commonly 
from nine to fifteen days. The stage of invasion, 
or the primary fever, terminates the incubation 
period, and during this time the initial rash ap- 
pears, accompanied by moderate hyperleucocytosis. 
On the third to the fourth days the remission sets 
in, the number of leucocytes in the blood decreases 
to normal or below normal, and cutaneous lesions 
make their appearance, and in the course of forty- 
aight hours show a vesicular nature, When the 
umbilicated vesicles are changed into pustules the 
temperature again rises (secondary fever) and hy- 
perleucocytosis again develops. This much only 
of the clinical picture is mentioned to emphasize 
the cyclic nature of the phenomena; one may well 
suspect that the organism causing such a disease 
undergoes particular phases of development which 
in some way are related to the well-known clinical 
cycle, 

Epidemics are sometimes of so mild a charac- 
ter that the patients are not bed-ridden and may 
be found in the pursuit of their occupations in 
spite of well-marked eruptions. Such occurrences 
can be referred only to a virus of low pathogeni- 
city. Even mild epidemics, however, may be ac- 
companied by severe and fatal cases. Cases of am- 
bulatory smallpox are most important factors in 
spreading the diseaso, 

We have nothing more than presumptive knowl- 
edge concerning the distribution of the virus in 
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ticed in fairly ancient times by rather primitive 
races, and that Lady Mary Wortley Montague 
introduced this method into Kurope in 1713. 
This wus not the vaccination in vogue to-day, 
however, but rather the inoculation of virulent 
virus from the pustules of the diseased into the 
healthy. As mentioned in one of the earlier chap- 
tora, this procedure commonly produced a mild 
type of disease (variola inoculata) which ren- 
dered the individual immune to yirulent small- 
pox. 

Everyone knows that the vaceination of to-day, 
i. e, the substitution of the virus of cowpox for 
that of smallpox, was the discovery of Jenner 
(1798), and we need offer no comments concern- 
ing its efficacy nor repeat the well-earned epithets 
which have been applied to the rare species of dis- 
believers. Nothing is more certain than that 
smallpox has ceased to be a world pest only be- 
cause of the continued Jennerization of the race. 

‘The easential points established by Jenner are 
the following: 1. That the varcine disease 
casually communicated to man has the power of 
rendering him insusceptible to smallpox. 2, That 
the gpecific cowpox alone, and not other eruptions 
affecting the cow which might be confounded with 
it, has this protective power. 8. That the eow- 
pox may be communicated at will from the cow to 
man, by the hand of the surgeon, whenever the 
requisite opportunity exists. 4. That the cowpox, 
once engrafted on the human subject, may be con- 
tinued from individual to individual by successive 
transmissions, conferring on each the same im- 
munity against smallpox as was produced in the 
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virue rubbed in with a spatala, Within from five 
days to n week the vesicles are in such condition 
that the lymph may be collected, the contents 
either being squeezed out with suitably formed 
forceps or scooped out with a sharp spoon. De- 
pending on the area vaccinated, the lymph col- 
lected from a single calf may be suificiont for 
from 2,000 to 15,000 vaccinations in man. Be- 
cause of the immunity which is conferred, calves 
can be used but once for the production of vaccine 
virus. 

All other methods of preserving lymph have 
been largely abandoned for the process of 
glycerinization, the glycerin being very inti- 
mately mixed with the virus by mechanical 
means and allowed to remain in this state in 
a cool place for from six to eight weeks before 
the product is put on the market, Dried vaccine 

- on ivory points is still used to some extent, the 
points being coated directly from the vesicles. 
Dried vacejne retains its power for from two to 
four months or longer when kept in a cool, dark, 
dry place, Glycerinated lymph has many advan- 





tages, the most important of which relates to the tnect 
bactericidal action of the glycerin by which the in Bacte 


lymph is freed from the pathogenic bacteria (e. g., 
staphylococci) which in former times caused ser- 
ious complications in vaceination. he glycori 

is supposed to destroy sueh organisma to a large 
degree without, however, injuring the vaccine 
virug iteolf, It is aleo stated that glycerinated 
lymph is moch more durable than the dried; that 
its potency may be retained for eight months or 
longer under suitable conditions. Rosenau has 
recently called attention to the fact that the bac- 
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and surgical care of the wound. As a rule vac- 
cination in man protects against smallpox for a 
period of six to ten years, after which revaccina- 
tion is necessary for continued protection. It 
should not be concluded from the negative out~ 
come of a single vaccination that the individual is 
immune to vaccination and hence immune to 
smallpox, but rather, repeated attempts should be 
made with virus known to be fresh. It is quite 
possible that certain individuals are immune to 
vaccinia, as often stated, but they are very rare, 
and the condition should not be recognized hastily. 
Among 38,000 vaccinations Dr. Cory encountered 
but one in which a “take” could not be obtained 
‘on second trial (Abbott). 

‘The ideal condition is that all children should 
be vaccinated at an early age by requirement of 
Jaw as in certain European countries, where it ix 
demanded within the first few months or the first 
year or two of life, Some countries require re- 
vaccination before the children are admitted to 
echool and recommend repetitions at suitable in- 
tervals. 

We have no national Jaw on the subject and the 
state laws differ. In many states childron must 
be vaccinated before they are admitted to the pub- 
lic schoola, the responsibility sometimes falling 
on the school and sometimes on the city or town 
authorities. A number of states have no laws on 
the subject, although vaccination is for the most 
part assured through the requirements of the 
state boards of health and the locul authorities. 

When there is danger of an epidemic, and in 
known cases of exposure, vaccination should be 
practiced thoroughly. Tnasmuch as the incuba- 
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tion period of vaccinia is about three days leas 
than that of smallpox, eucceesful yaccination pro- 
tects within a limited period following exposure. 
Immediate vaccination is demanded in case of 
exposure. Healthy infants may be vaccinated 
within the first six weeks or two months of life 
and at any earlier period in case of exposure. 
auitjansity An attack of smallpox confers rece end, 
Heit. with few exceptions, lasting immunity. Second 
and even third attacks have been described. Tt is 
known that those who have had smallpox may be- 
come susceptible to vaccination after a period of 
time. Susceptibility varies a good deal with age. 
During the ages of from two to fourteen years 
the disease is less common than between fifteen 
and forty, and after this period it again decreases 
in frequency. UJndoubted instances of natural 
immunity to smallpox occur, but they are very 
rare, 

Leaeserten, Smallpox is accompanied by a leucocytosis 
which is peculiar because of the large number of 
mononuclears. There is a slight rise in the 
number of leucocytes during the first febrile on- 
set, a fall to almost normal during the remission, 
followed by a second rise, which may be ae high 
as 16,000 to 20,000, Fatal cases show a terminal 
hypoleucocytosis (Magrath, Brinckerhoff and Ban- 
croft), Large numbers of lymphocytes are also 
found in the pustules (Roger). Nothing of a ant- 
isfactory nature is known concerning the relation- 
ship of the leucocytes to recovery and immunity. 

‘There ia no scrum therapy for smallpox. The 
interesting observation has been made, however, 
that the serum of convalescents or of vaccinated 
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“man or animal will, when mixed with vaccine 
virus, prevent its action. 

Horsepox is identical with cowpox. —Sheeppox 
(clavelée) is an independent disease. The virus of cow- 
pox produces a local lesion in the sheep, but does not 
cause immunity to sheeppox. The virus of sheeppox, on 
tho other hond, hos no effect on horses und cattle 
(Nocard and Leclainche). ‘The virus of sheeppox is 
filternble (Borrel) « 


YIU. CHIGKENPOX (VARICELLA). 

Although the skin manifestations of varicella 
often resemble those of smallpox to such an 
extent that differentiation is difficult, the two 
diseases are distinct. Nothing indicates this moro 
clearly than the fact that one who has recovered 
from varicella is susceptible to vaccination, and it 
is known further that an attack of chickenpox 
does not: protect against smallpox. 

‘The etiology is unknown, abd no organism 
which bas been described can be considered the 
probable cause. 

Varicella occurs epidemically and sporadically. 
‘The virus probably exists in the lesions of the 
skin and in the seales, and the latter may be the 
chief source of contagion. There is no definite 
knowledge concerning the resistance of the virus, 
nor its distribution; the conclusion is justified, 
however, that it exists in the circulation at least 
in an early stage of the disease. The infection 
atrium likewise is a matter of conjecture, but 
probably is to be found in the lungs or upper 
respiratory tract. 

‘The patients should be isolated and school chil- 
dren should not be allowed to return to school 
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Duval corroborated the discovery of Mallory, 
and demonstrated the bodies in five out of eighteen 
cases in blisters which were produced artificially 
during the height of the eruption. Field found 
them not only in the skin of scarlet fever, but also 
in that of measles and concludes that many of 
them at least represent artifacts or degeneration 
forms of tissue cells, More extensive observations 
seem to be necessary to establish the nature of 
these supposed parasites. 

Other micro-organisms which have been de- 
scribed as the cause of scarlet fever, including the 
Diplococcus scarlatine of Class, we may pass over 
with the remark that the claims concerning them 
have not been upheld, 

‘The contagiousness of scarlet fever is extreme, 
and the virus undoubtedly is thrown into the sur- 
rounding air from the skin of the patient. It is 
highly probable that the virus also reaches the sur- 
rounding air from the respiratory passages by 
means of “drop infection,” since transmission may 
occur before the skin shows involvement. Patients 
continue to be infectious for from 4 to 6 wocks or 
longer after the appearance of the eruption. The 
disease may be transmitted by an intermediate 
healthy person, or by contaminated clothing or 
furnishings. The origin of epidemics from milk 
which has in some way been contaminated seems 
to have been proved in a number of instances, 

Of great importance for the persistence of an 
epidemic is the resistance of the virus, which re- 
mains viable and virulent for months and possibly 
for years, when under suitable conditions. 

Prophylaxis demands isolation of the patients 
until deequamation is complete; the use of anti- 
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sis (Klotz). How much of this leucocytosis de- 
pends on co-existing streptococcus infection re- 
mains uncertain. 

Treatment with antistreptococcus serum is the serum 
only serotherapeutic measure which has been ad- T**T*?7~ 
vocated in relation to scarlet fever. ‘This is done 
either on the assumption that the disease is of 
streptococcus etiology, satisfactory proof of which 
has not yet been obtained, or with the hope that 
the serum will influence favorably secondary in- 
fections with the streptococcus. The serums of 
Aronson, Moser and of Menzer have been tried 
more than others. Moser is probably more enthu- 
siastic than others, and he claims a reduction in 
the mortality from an average of 13.08 per cent. 
to 8.9 per cent. in 400 cases. Others have observed 
a favorable influence in some cases, but the re- 
sults are not uniform. ‘The development of sec- 
ondary streptococcus infections can not be pre- 
vented by the use of the scrums, although it is 
stated that their severity may be moderated. 

Of theoretical interest is the report by Weise 
becker and by v. Leyden that the serum of con- 
valescents causes a reduction of the temperature 
and a shortening of the course of the disease. 

The results published up to the present time 
indicate that we have not as yet an efficient serum 
for scarlet fever (see also p. 527). 

X. MEASLES. 

Bacilli which have been recognized in the con- 
junctiva, sputum and nasal passages in cases of ore=ninma. 
measles have, for the most part, resembled either 


the diphtheria or the influenza bacillus. Pseudo- 
diphtheria bacilli are normal residents in the eye, 
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Disregarding some other bacilli which certain 
investigators have attempted to bring into rela- & 
tion with pertussis, we may note the essential facts $2 
concerning an influenza-like bacillus which has 
been found with great constancy and by many 
competent investigators in the sputum of patients. 
First observed by Sprengler (1897) in pertussis 
sputum, this organism or bacilli similar to it have 
been found by Czaplewski and Hensel, Zusch, 
Cavasse, Vincenzi, Elmassian, Luzzatto, Arnheim, 
Jochmann and Kruse, Reyher, Smit. Wollstein, 
and Davis. The organiam is said to be somewhat 
larger and thicker than the true influenza bacillus, 
but has the same bipolar staining affinity and the 
same demand for hemoglobin for its growth in 
pure cultures. There is some difference of opinion 
as to whether the organisms described by these 
different observers are all identical and as to 
whether all have worked with pure cultures. The 
conclusion of Davis would seem to sum up the 
situation: “With the exception of Manicatide, 
probably all of the investigators, at least in more 
recent years, have been dealing, either in pure or 
impure cultures, with the influenza-like bacillus, 
first described by Sprengler and later by Joch- 
mann.” Culturally they are not to be differen- Hemophittc 
tiated from the influenza bacillus. When in pure and Sym- 
culture they demand hemoglobin for their develop- 
ment, although the amount of hemoglobin may be 
so small as not to color the medium. When in 
mixed culture with the streptococcus, staphylo- 
coceus, pneumococens and B,xrrosis, they grow 
abundantly even in the absence of hemoglobin. 
Hence, in relation to symbiosis, olso they resemble 
the influenza bacillus. For symbiotic development 
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ing cough 2s similar to that of the streptococcus 
to scarlet fever—i. e., a very important compli- 
cating organism. 

Davis finds still further reason for doubting its 
specific relationship to whooping cough from the 
fact that it was found frequently in measles, acute 
influenza, epidemic meningitis, bronchitis, vari- 
cella and in normal throats. 

In 1906 Bordet and Gengou isolated a bacillus 
from cases of whooping cough and gave the fol- 
lowing reasons for believing that it was the spe- 
cific etiologic factor in this disease: 1. The organ- 
ism is found in overwhelming numbers during the 
early course of the disease and in almost pure cul- 
ture. 2. The bacilli as antigen give a comple- 
ment-fixation reaction with the serum of pertussis 
patients and this reaction does not occur with 
other bacteria associated with the disease. 

The organism is a short, polar-staining ovoid 
resembling the influenza bacillus but slightly lar- 
ger. Bordet and Gengou grew the organisms on a 
culture medium made up of a glycerin-potatoe- 
blood-agar mixture. On this medium the organ- 
ism grows in the form of a delicate film made up 
of very small colonies and changes the medium to 
a dark brownish color. 

Wollstein was able to confirm the finding of 
the bacillus in-the early stages of pertussis, but 
failed to obtain the complement-deviation reac- 
tion. Agglutination was very irregular and no 
immune opsonins were found. The etiologic rela- 
tionship of the organism to whooping cough is at 
present uncertain. 

The organism is disseminated extensively by 

coughing, and the same is probably true of the es- 


Bacillus of 
Bor nd 
Gengou. 
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ism of other observers, hence, his antiserum can 
not be accepted unreservedly as a specific serum 
for whooping cough. Smit found that an anti- 
serum for the influenza-like organism exerted no 
influence on the disease. Bordet found the serun 
of a horse immunized to his bacillus of question- 
able curative value. 


XIII. MUMPS (EPIDEMIC PAROTITIS). 


Mumps occurs epidemically in children, particu- 
larly in schools, in other institutions, and in sol- 
diers confined to barracks. It is most frequent in 
the spring and autumn and probably is endemic in 
large centers of population. It is contagious, the 
virus probably being disseminated from the upper 
respiratory passages with infected droplets of spu- 
tum and saliva. The disease has an incubation 
period of two to three weeks and runs its course 
in from seven to ten days. 

Involvement of the testis, ovary or female breast 
are complications to be feared in adult life; “orchi- 
tis, albuminuria, with convulsions, acute uremia, 

endocarditis and peripheral neuritis are occasional 
complications” (Osler). Fatal meningitis devel- 
ops rarely. Very young infants and adults are at- 
tacked less frequently than children of school age. 

In 1893, Laveran and Catrin described a diplo- 
coccus obtained by aspiration of the exudate in the 
parotid gland. ‘The organism was also isolated 
from the testicle in orchitis cases and from the 
circulating blood. Since that time, diplococei 
have been isolated from cases of mumps by a num- 
ber of observers, In 1909, Herb isolated a diplo- 
coccus which she considers as probably identical 
with the organisms described by previous writers. 
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The disease has been known for over half a cen- 
tury, but it has been recognized as an infectious 
disease for only a few years. 

Although various bacteria have been described ™Micro- 


organisms, 


in connection with the disease, there has been little 
reason for considering them other than mixed in- 
fections or contaminations. 

Flexner and Lewis found that the virus of 
poliomyelitis is filterable and describe very minute 
bodies occurring in the infectious filtrate. The 
bodies can be stained with Loeffler’s flagella stain 
and cause a cloudiness in culture media after suit- 
able incubation. The transfer of a small amount 
of such cloudy media to a second clear media re- 
sults again in cloudiness after incubation. The 
virus loses its virulence when heated to from 45° 
to 50° C. for half an hour, but resists freezing. 

Landsteiner and Popper, in 1909, and Knépfel- 
macher a little later, succeeded in producing polio- °® 
myelitis in monkeys by injection of emulsified 
cords of children dying of the disease. They were 
unable to infect second animals with material 
from the first. Later, in 1909, Flexner and Lewis 
were able to produce poliomyelitis in monkeys in 
a way similar to that described by Landsteiner 
and Popper, and succeeded in transmitting the 
disease from one monkey to another. 

Infection may be produced in monkeys by in- 
jecting the virus into the brain, spinal canal sub- 
cutaneous tissue, peritoneal cavity or into the large 
nerves, 

Experimental poliomyelitis can be produced hy Distribact 
the injection of material from the blood at the 
beginning of the infection and by injection of 
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bacilli from noma in 1905. ‘The organism is an 
obligative anaerobe requiring a temperature of 
about 37° C. for growth. The presence of blood 
serum or ascites fluid is necessary for obtaining 
the best growth, but cultures can be obtained on 
glycerin agar. All cultures have a foul odor. 

On ascites agar the bacilli occur as delicate 
pointed Gram-negative rods. In ascites broth the 
organisms are more slender, not so pointed, and 
tend to form chains. On solid media wavy fila- 
ments are found. In old cultures forms similar 
to the spirilla found in the tissues were found. 
Tunnicliff isolated from the gums of healthy sub- 
jects, fusiform bacilli which were apparently iden- 
tical in cultural characteristics and morphology 
with those found in noma. In pure cultures 
grown several days spirilla were found rather con- 
stantly and it would seem as if the spirilla were 
simply a stage in the development of the fusiform 
bacilli. 

The number of cases in which the bacilli and 
spirilla have been found associated with noma 
makes it strongly probable that they are the cause 
of the disease. 

Fusiform bacilli and spirilla similar to those 
isolated from noma have been found in ulcero- 
membranous angina and stomatitis, in hospital 
gangrene and in fetid infections in various parts 
of the body. 
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Mlerococens Qonurrhen” (goMvCCCUR) «=e ee oe ew BBM 
‘Antinorum ‘for, 6651 cultivation of, 661: discovery of, 
991; endotoxin of, $92; gonotexin, $68 ; Immuntan 
Yon’ with, 050; infections with, O01, 5007. mor: 
Piglony, 601; phaxosytonls of Sb: resistance’ of 
fs2y"Mokin, soltisle, 550; s0e Gonorrhen, 
Méorocoveus Nematedee vecccee sess ener 
Miororoseux melitensis see Héctilus’ miplitensis 
Micrococcus “meningitidis (Diplococcus 
moninoitidie, oF the meningococews).........25, S080R 
Agglutigation ‘of, 560; animala, susceptibility of, 667} 
tutitoruin,‘Gropertiey of, Sf: rowehtsa, ia, 08 | 
conjunctivitle in, 650; éultivation, 557; discovery, 





























550; endotoxin, ‘658; excretion of, 599 { Immun! 
Vion’ with, 500; morphology, 5 ieamonta,. In, 
990; rvxeinblance to gonococeus, rearinblance 





to inlerovocous catarrhalis, G66: reslainnen, 637 
thlnltis In, 5505 virulence, GBS; see Meningitis 
epldemie cerebrospinal 
Microcytnse ce eeeeeeeee BORD 
Micro-organtaiis. 
Acquired rewtetance of, 116; carly beliet Sn, 
thon of, 377 recognitian of, 3; sources of 
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Periostitis albuminosa . és 
Perlostitis, staphylococcus * in: 
Peritonitis. 
‘Colon bacillus in, 468; by Infuen: 
‘567; pneumococeus In, 513, 514; 
streptococcus In, 520, 523) 
Pertussis; see Whooping-cough. 
Pfelffer’a ‘phenomenon 
In indentifying the vi 
leucocytes in, 318. 




















Phagocytic (Metchnikof's) theory of immunity. 331 
Compatinon ot, with the alde-cbaln theory of 
Phagocyiosiea 8, 146, 306-331, 854 


In active Immunity, 168, "160, 324," 325; chemotaxis 

1a, 307, 315; Axators, influence ét, $26: In inflam 
ons, intestinal, 143, 307; intravascular, 
B18; " leucocidin, influence ‘of, 638% in nutrition, 
302; in passive immunity, 160; relation of to viru- 
lence of’ bacteria, 314, 817; ‘In resorption, 308; 
serum, influence of, 317; in ‘vitro, 153; see’ under 
the Individual micro-organisms nbd disensea; see 
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Phagolysis 
Phailin - 
Phrynolysin’ 2.01. 
Phytoprecipitins | 

Placental transmission 
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Immunity, 161, 169, 489, 490 
mixed mmynization in, 489; mixed Infection in. 
488; occurrence, 481.;" houncs, 487+, prophylaxis, 
488; In rats, 486: serum therapy, 490, 491; trans: 
mission by fleas, 486; transmission from rat to man, 
486, 487; vaccination, 166, 362, 389; vaccines, 489, 
490"; see’ Bacillus pestle, 


































Plasmin 'of ‘Buchner: .-.. or 363 
Plasmodia of malaria. :-.: a 054 
Anopheles mosquito ‘as host” of, 24.” 655, 
eycle, 656; development in anopheles, 650; devel- 
opment Io man, 655. discovery of, 654: flagella of, 
054; macrogamete, 656; merozoites, 456; methylene 
blue, effect of, 661; microgamete, 656; ‘microgame- 
tocyte, 656; odcyst, 657; odkinet, 657; achlzogony, 
656, 660; sexual cycle, 656; spectes of, 055: sperma: 
tozoltes, ' O54: 056; sporogony, 657; 
sporozoltes, 657; see Malaria. 
Plasmodium malaria... : + 655, 
Relation to clinical symptoms, 059; sexual and asex- 
ual cycles of, 658; virulence, 660. 
Plasmodium precoz :.. win ivan idee dace sears SB 
lon to clinical symptome, 659; sexual nnd ‘asex- 
ual cycles of, 658; virulence, 660, 
Plasmodium rivdr...........+ 055 





‘Asexual cycle of, 650; relation of to clinleai symp- 
toms, 659; sexual cycle of, 656; virulence, 660. 
Pneumococcus; ee Dipiococcus pneumonia, 











Pyocyanolysin ... ‘ 
Pyroplasma doris; sec Texas fever. 
Aominis; see Spotted Fever. 


























Pyroplasmas, Inberliance of. i 
Pyroplasmosls ; sce Spotted fever and Texas’ fever 
Rables, See Hyrophobla. 
Radium, effect. on venom. . <. 431 
Rate in’ epidemics of pingue. oe A86, 487 
Rattlesnake venom. 
‘Antiserum for, 431; immunization with, 363. 
Ray fungus; see Actinomyces. +488, 487 
Receptors, 
Bacter! 
Telatl f, 
408; smaltip elty’ of, 200," 352: new formation of, 
$51; nutrition,’ relation to, 339; of first 
order, 263, 344, 4517 of ‘second order, 228, 347, 
861, 863; of the third order, 265. 347, "351 ;" syn 
nyni for ‘side chain, 341; tetanophile ‘receptors of 
nervous tissue, 415; types of, 361; see different 
Antibodies. Reerudescences, 101; recurrences, 101, 
Relapsing fever... seco ceneee cn eeeeneceees 26), 642-046 





‘Agglutination test, 645 ; Immunity’ and’ susceptiblitt; 
EU, Gio. orgatilem of, ave eptrocheta obermeterd: 
Dheoeytcne In O44: ptophiyins 
fa scrotheraps, @45 
bedbugn, 603. 
Resistance natural; sce Immunity, natural 
Resorption. 
Gf torelgn cells, 300; of native cells, 908. 
Rheumatic fever.» ee aoen oso 525-527 
"agonal Invasions in, 835, antiatreptococcus scram tn, 
$38; ‘Bacio “Achalme in. os Coa 














Rhinitis” 
‘Meningococcus tn, ‘preumococcus In, 514; pri- 
mary to meningitin, 538; staphylococctis In,’ 544; 
Rhinitis fbrinoaa, 400. 














Rblnoscleroma ee... + i 3B 
“Antizicin, i174; Bhriteh's une of 1a’ siudying nature of 
antitozte action, $45, 340; hemagglutinin In, 218. 
Robin ; padeveissiseest ME 





Rotheln, see’ German, mensles. 
Saccharomycosts hominis. iubeangennt ia BS 
Salamander polson, antitoxia’ for. pes 


















Barcocysti ‘see Sarcosporidia. 
Sarcosporidia. 
Morphology, occurrence and proliferation, 690, 691; 

Sarcocyatia hominis, 601. 

Scarlatina ; see Scarlet ‘fever. 
Scarlet fever (scarlatina)...... ce eesgees TAL TAT 
Agglutination of streptococci by serum, 536, 537 
taglousness, 745; Cyclaster scarlatinalis in, 
Diplococcus scartatine, leucocytes In, 746; 
Micrococcus catarrhalla, 550; mlcro-organisma tn, 
745; prophylaxis, 745; protozoa in, 25, 744; re- 














Bpirocheta obermelert .. 
‘Animale, susceptiblitty’ of, 643; ant 
of, 644; distribution in the body, a 
642; occurrence in bedbuge, 648; phagocytosis of, 
644, 645; see Relapsing fever. 
Spotted ‘fever... Rathi tete 
Immunity intenance’ ‘of, “723 ;" ‘mlcro- 
organiams lasma hominis in, 720; 




















538, 530; Immunity, 316.” 546, 547; leucocidin, 
539, 547,549: leucocytes in infections, 545, 546! 
leucotactle substance, 542; mixed Infections, 545; 
morphology, 387 5 necrotizing” substance, O42, path 
ogenie powers, 139, 501, G10, 620, 525, 643, 54: 

566; opsonins in phagocytosis of, 5497 phagocy: 
tosis, 545. 346, 548; pigment formation, 541; pol 
valent werum," 550; Fesistance, 541, 542: staphy- 
lolystn, 435, 539, 542, 547; symbiosis with Ameba 
colt, 687; aymbloals with B. influenza, 564; toxicity 
of culture “trates, 639, 540; toxin,” soluble, 542 
yaccination against, 648°; ‘varieties, 540, 541; vir 
lence, 543. 




























Staphylol see Staphylococcus. 

Bievonyla fasciata and ite relation to yellow fever. 
Streptococel In scarlet fever. +26, 520, 523, 
Blreptococcua brevis... ss... saga : 
Btreptococcus erusipclatie . 


Btreptocuccua longus ....... 
Streptococcus mucoaua capsulatus... : 
Streptococcus pyogenca : ey ORT. 
Agglutination. 206, 536, 637; ‘antmais, suaceptibility 
of, 518; antagoniom for, B. anthracts. 494, 628 : for B. 

2 P antlstreptocs ties 













Imrbuntty, $316, 520, 830, 
fections, talscellanat! 
Teucocstes and lencuc’ 
$20, 867; 1a mile 
; phagocytosis 
esa. 







in Influenza, 507; 
531 : In meningitis, 
phology, 615; opsonins 
in pneumonia, 501 

th poeumococeus 
Ne fever, 520 351 
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519, ‘520, 529; toxin for erythrocyten; see Strepto- 

colysin ; ‘toxin’ for leucocytes, 519; In tuberculosia, 

S21, 522, 501, 592; tumors, Influence on. 5 

tynbola, fever, 439;' unity, question of, 532 

thes, 516; virulence, 518. 

+ Btreptococcua ‘scarlating 
Streptocolysin 2... 
Streptothrix, Infections with. 
Btreptothriz madure 
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fetlon, 142; phallin, 428; of pollens, 428: precip 

tation’ of, 177; preparation, 17 oper of, 178, 

352; as teceptors af, second order, 361; vieln, 4: 

Tobin, 427; secondary or adventitious, 1783" toxin 

tium, 104, 863; standardisation of; 183 staph- 

ylolysin, ‘638 ;' structure, 191 ; toxophores, 193, 383; 
fee sigs.chain, theory ; gnlon with tiseue cells, 127, 
200, 344, 348, 366, Se8, ‘vegetable, 21, 425- 
328, ‘ee’ inaividuel micto-organloSe 

Toxolds "22... 193-196, 853 























































Toxon TUN 85,, 35, 408 
Tosophorois’ group’ “txophore 2.198, 881 
Trichomonas intestinalis, morphology 
ot 694 
Trichom 003 
‘Trehophyton 640 
Tritotoxin. S53 
‘Trypanosoma aoe OTD 
‘Aegtutinatiog “of, ‘ot, 679, 681 { mior- 
phology ; multiplication of, 611; rosette 
formation by, Ori ; sleeping. sickness, O78; species 
of, 670, 671, 677; trypanosomatic fever, 673- 
‘Trypatosomatic fever. : 2. 613 
Bleeping sickness, reition’ to, 673, 674; symptoms 
O44; trypatiosomes in, 674. 
Teypanonomiage ences it 670-684 
tiation reacitone, dd: Yumunliy and’ auicept- 
Ait, 883 in man, 679-077; parasites, occurrence 
of In’ the blood. 678; serotherapy of, 684 "trypan: 
roth’ ‘in treatment of, 6847 vaccination’ in, 683; 
See Sleeping sickness and Trypanosomatic fever. 
panosomiasia. in. ani : 678-088 
murine, O82; horsen, 
de cederas, O82; nagana, O80; In ral 
681; ‘svmptomaioloxy, 678. 
“rrypanfoth in treatment ‘of  trypanosom! 83, 684 
Teelse files, In’ transmission of frypanoso ae 


‘Trypanosomt 
Tuberculin of Kos 
Dangers, errors and _limitat! 
diagnostic use of. 599-603, 61 
by, 509; Immunization with, 577, 508, 599; pre 
8; principles of action, 666: apecifilty 
standardization of, 578, 580; therapy, 








Tubercuiocidin .., 580 
‘Tuberculosis 135, 573-615 
‘Agglutination aa an’ index ‘of ‘immunity to, 607: ag: 
‘glutination reaction, 607, 610: amylold degeneration 
in, 591; “anatomic ‘uber 85; im aniinals, 693, 


















93" diesemiaation ‘bye means of phagoc 
‘droplet Infection.” 
healing, spontancous, 587; heredity In, 596: 
nity and susceptibility, 128, 130, 189, 893, 597, 599, 
607 ; Immunization, mixed, 609 ; infection atrin, 585, 
5R6: Infectivences ‘of, 573; latent, 584; lupus vi 
garis, 585; metastases In, 586; millary, 587; mixed 
Intecitons in. 5M ; organs attacked, 5. 686: pha 
ocstosis. SAR: pheumonia daring. prediy 
ing’factors to, 296 ; primary, an dary. Bot, 
prophylaxis, pulmonary, 85; " sero: 
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tlon of, 470, 471; non-nentralization of endotoxin of, 
by its 'specle bactericidal serum, 253; occurrence 
of water, 472; resistance and viablilty of, 471; see 
Cholera; symbiosis with Ameda colt, 688; soluble 











toxin, 475; specificity of, 24; toxicity of culture 
Aitrates, 475 ; toxicity of Killed cultures, 475. 
Vidrio metchnikort a vabesecane ve 10 
Virulence... 88 


Increase of, inthe presence of other micro-organisms, 
81; influence of, on inflammatory reaction, 144; 
relation of, to phagocytosis, 315; specialization of, 

viru? %¢ diterent micro-organtem: 
Virulin, 2 














Pseudoinfuenza bacilli in. 565; serotherapy, 754; 
viru mination of, 753. 
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water-borne’ epidemics: ‘cholera, dysentery, typhotd. 
‘3 7: 438) 451, 478 


















Welch, hypothesis’ of 
Widal’ reaction... 
See Aggiutination. 
Wool-sorters’ disease 
Wright's method of vaccination. 
Staphylococcus Infections, 548; typhold fever, 443, 
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Yellow fever ...... -25, 711-720 
‘Acclimatization, qu nd mols. 








ture, relation fo, 715; Bacillus icteroides tn, 712, 
713; cold, relation to, 715; epidemiology,” 715 
fomites, 714, 715; immunity, acquired, 714, 720 
Importation by ships, 718; incubation period, 714 
mosquito theory of, 712; se also Stegomyta fasciate 
Ron-contaglousness’ of, 718; occurrence, 711; pro. 
phylaxis ‘and quarantine of, 715, 716, 718,’ 119; 
virus, flterability of, 714; virus, resistance of, 
718; 'serotherapy, 720; susceptibillty to, 719. 
Zobprecipiting : : y 
Zobtoxing 622 
Zutachenkirper, ‘synonyms’ tor 
Zymotoxle groups .. 
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